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PROGRESSn'E CHANGES IN PUL^MONARY FENCTION AFTER 
PNEUHONH:CTO^rY; THE INTLUENCE OF THORACOPLASTY, 
PNELNIOTHORAN. OLEOTHORAX. AND PLASTIC SPONGE 
PLOHBAGE ON THE SIDE OF PNELArONECTO^IY 

EdWAKD a. GaKXSLEB, !H.D. (by INAaXATIOx), AXD Joux TV. Strieder, AI.D. 

Bostox. TL\ss. 


T he fate of tlie remaining lung after pncnmonectomy Fas Been a matter of 
great concern to thoracie surgeons and tlie subject of a number of interesting 
and rerealing physiologic studies.’"^ As pneumonectomy is being carried out 
successfully for an increasing variety of diseases including tuberculosis, and as 
the average age of the patients operated upon decreases, establishment of op¬ 
timal conditions for the preservation of function of the remaining lung becomes 
increasingly important. 

Previous investigations of lung volume after pneumonectomy have demon¬ 
strated that a variable amount of overdistention of the remaining lung occurs, 
though this is not as severe in man as in the experimental animal.^' -• *■ ®’ ‘ 
Overdistention is generally thought to be undesirable in patients mith pul¬ 
monary tuberculosis. The cru-rent thought is that a lung xvith a larger volume 
than normal doing tvrice its normal work is more susceptible to reactivation of 
disease and handles residual disease poorly.' Overdistention causes a varietv* of 
complaints due to displacement of the mediastinum. The worst of these is in¬ 
effective cough due to angulation of the trachea. 

Both Birath and Coumand have demonstrated that intrapulmonary mixing 
of gases is impaired in the remaining overdistended lung.u = The great varia¬ 
bility of the physiopathologic pattern was well shown by follow-up studies after 
pneumonectomy in childhood.'’’ Couxnand suggested early that thoracoplasty 
might prevent the development of contralateral pulmonary distention without 
rurther impairing mammal function,^ However, during a recent extensive 
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Study of cardiorespiratoiy function after total resection lie showed that thoraeo- 
plastj' on the pneumoneetoni}’- side leading to scoliosis reduces the ventilatory 
effectiveness of the remaining lung.'* 

Investigations of pulmonary function after pneumoneetomy have provided 
only a partial answer to the problem of the management of the empty hemi- 
thoi'ax for several reasons. The number of patients studied Avas usuallj' small. 
Often it was evident that older patients, in ivhom emphysema of the remaining 
lung was found, must hai'e had this disease prior to operation. Following re¬ 
section for bronchogenic carcinoma it was frequently not elear Avhether pro¬ 
gressive loss of function ivas due to overdistention or extension of the tumor.^ 
Studies performed on one or two oecasions some time after pneumonectomy did 
not reveal during ivhat period after resection the changes in the remaining lung 
had occurred. Lastly, since the A'olume and function of the “good” lung alone 
prior to operation was never known, it has not been clear whether functional 
changes after pneumoneetomy were due to resection of functioning lung tissue, 
due to progressii'e physiologic changes of the remaining lung, or due to a com¬ 
bination of both. 

For an understanding of the development of functional defects of the re¬ 
maining lung and for a rational approach toward establishment of ideal con¬ 
ditions for functional preservation of the remaining lung, a plan of ini’ostiga- 
tion Avas made AA'hich Avas thought necessary for a solution to the problem of 
OA^erdistention. Prior to operation a bronchospirometric method Avas used AAdiieh 
permitted not only determination of oxygen uptake, ventilation, and A’ital ca¬ 
pacity, but also permitted determination of residual volume, total lung capacity, 
and pulnionaiy mixing indices for the two lungs separatcl.A’.” The state of 
OA’crdistention of the remaining lung could therefore be established prior to 
operation. The residual A'olume technique Avas modified for this study to per¬ 
mit appreciation of small changes in this A’alue.** To cstabli.sh the time after 
operation Avhen the gi'catest clianges in the remaining lung take place, patients 
Avere studied at Avcckly intei'A’als immediatety after operation and at monthl.A’ 
intervals thereafter. To obtain an adequate long-tenn folloAv-up of all patients 
studied jirior to operation, patients AA-ith carcinoma Avere excluded from the 
study. 

METHOD 

The Darling open circuit oxygen method'- for determination of the total 
lung capaeity Avas modified for this inA’e.stigation, and a neAv bronchospirometric 
tecliniquc Avas developed for determination of diflerential lung A'ohimes. These 
methods AAill be described in more detail elscAVhcre.” 

Total Lxnuj Capaci(\j.—T\\Q final volume of gas obtained by the open eii'cuit 
method depends on tlie exact ])lace in the rcsj)iratory cycle at Avliicli tlie jiaticnt 
is switched from room air to oxygen breathing. This circuit change is made at 
the end of a quiet or forced expiration, depending on Avhetlier one dcsii'cs to 
mea.sure tlie functional residual or the true residual fractions of the lung 
volume. Since it is difficult to .sAvitch at the very end of forced exj)iration, pai- 
ticularly in patients Avbo are somcAvliat dyspneic. the cliange is nstialJ.A m;ide 
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at the end of a qniet xesrivation.'^ The correct timing is ascertained by ob- 
ser\-ing the patient's respiratory movements. In a normal subject, the func¬ 
tional ^residual volume averages 1,500 cubic centimeters. If a switching error 
of 150 c.c. or one-fourth of a tidal breath is made, this introduces an error of 
10 per cent in the calculated functional residual volume. After pneumonectomy, 
the functional residual volume averages SOO c.c., and not infrequently 500 c.c. 
or less. A similar error in estimation of the cud of a quiet expiration then 
causes an error of 20 to 30 per cent of the calculated volume, a much larger 
variation in itself than the true changes in volume which may be expected to 



Fig. 1 . Balloon within aii-tight box permitting ambient air spirometrr-. 

take place from month to month after pneumonectomy. Furthermore correct 
immg of the change from room air to oxygen is made more difficult bv the more 

.0 
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in an airtight box and expired into the box around the balloon* (Fig. 1). The 
box was also connected to a recording spirometer. As the patient inspires, the 
pressure in the box decreases and the spirometer bell descends and, as the pa¬ 
tient expires, the reverse takes place. Thus, although the patient breathes room 
air, a sjiirogram can still be obtained. This permits not only better observation 
of the breathing cycle, but anj- switching error can later be measured from the 
spirogram and added or deducted from the calculated functional residual vol¬ 
ume (Pig. 2). Two further changes ivere made. An alveolar trap was used 


Switching Error 
Correction 
+ 76 cc. 


Switching Error 
Correction 
- I52C.C. 


[; 



Fig- 2.—Ambient air spirograms obtained prior to oxygen 
functional residual capacity. Tiie switching error can 


breathing for determination of the 
be measured from tlie tracing. 


for collection of a terminal alveolar .sample as suggested by Wright.” This 
a.ssurcs eolleetion of alveolar air even in patients who arc dyspncic. Finally, 
an oxygen flushed Douglas hag was used instead of a Ti.ssot spirometer for col¬ 
lection of e.xpircd gas. This obviated dead .space coiTcction, Ti.ssot rinsing, and 
crroi-s from changing dead sjKice due to water evaporation and chnoging 
spirometer position. 

A»ihifnt Air Broyichospirntucin/.—Pvcopcnitiyc hronchospirometry was 
carried out in thirty-one of the forty ])atients .studied, hour jiatients vci'c not 
seen until shortly after operation; routine i)reoporative hronelioscopi revealed 
an entirely olilitcrafed main .stern bitmelni.s irr two patients, and three patients 
liad uleerativc endohroncliial disease in tlic left main stern hrorndins. Nine pa¬ 
tients were tlier'cfor'e cxehuled. 


•Till.*? ln.‘=lrtimont 
Ko^ton, Mass. 


from Wnrr.-n i;. Collins, rnr.. .'5= ir.mllnrton A^ 
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Eecording brondiospirometry ivith patients 'breathing room air was made 
possible by rise of a twin spirometer fitted with two balloon-box attachments 
described above. The connections between boxes and spirometers were made in 
such a way that either room air or oxygen could be supplied to either lung b\ 
the turn of a single valve.® During the course of this and other studies, good 
evidence was obtained that oxygen spirometry places a greatly damaged lung 
at a relative advantage. The percentage of the total oxygen uptake of the dis¬ 
eased lung can sometimes be overestimated during oxygen bronchospironictrj. 
and we have therefore preferi'ed ambient air biunchospiiometir, 

DifferaiUal Total Limp Capacify,—Ambient air spirometry made it possible 
to determine the correct spirometer tube position, oxygen uptake, ventilation, 
and vital capacity without contaminating the lungs with oxygen. The pro¬ 
cedure could therefore be followed inmicdiately by determination of functional 
residual volume of both lungs separately using one open circuit apparatus for 
each lung. The efficiency of intrapulmonaiy mixing could be estimated by 
collection of alveolar samples of each lung separately at the end of the seven- 
minute oxygen breathing period.^' The entire procedure required intubation 
for twelve to fifteen minutes. Difficulty with this technique was encountered 
because of changes in. the catheter's position during oxygen breathing.’^ Dur¬ 
ing the past year the use of a Carlens catheter'*^ with its rubber leg engaging 
the Carina has greatly facilitated this procedure. From the differential residual 
volume, and the two switching eiTor con-ections, it was possible to calculate the 
two total lung capacities and their subdivisions. 

Tenfilation Studies .—The maximum breatliing capacity (MBC) was ob¬ 
tained using a high velocity respiratory valve and a Douglas bag.’^ The best 
of three efforts was recorded. The gas was collected for thirty seconds, and the 
volume was measured in a Tissot spirometer and reported in liters per minute 
at 37° C. 


The exercise test consisted of a level walk at the rate of ISO feet per 
minute.^- The expired air was collected during the second to fourth minutes 
of this exercise. The volume was measured like that of the and was also 
reported in liters per minute at 37° C. The walking index was calculated 


from the equation ^ 


The best of three upright mtal eapacitA' (FC) determinations was recorded. 
During the past year an attachment for the vital capacity spirometer was used 
which records not only the total vital capacity but also, and simnltaneonslv 
the volume of air expired during the first, the first two, and the firet three see- 
on of the enort These timed volumes were reported as per cent of the total 
a capacity Aormal volunteers and patients unthout obstructive ventilatorv 
were able to expire on the average S3 per cent of the total 4al ea?aehv 

^ first two seconds, and 97 per cent hi the 

teUhree second,.. Tbe predicted iffiC and TG acre calculated from Cot 

“ »>•>« 't-™ n. c-c. me, 
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naiid s regression formulas.'^ One-half of tlie predicted value was used as 
“normal” for patients after pneumonectom 3 E The air velocity index ivas cal- 

elated from the eqontion IgLi!!! ? ?* 

per cent of predicted VC 

be 1.0 or larger in the absence of anj' obstructive ventilatoiy defect.’” 

The supine vital capacity and its subdivisions, minute ventilation, min¬ 
ute oxj’gen uptake, and respiratoiy rate were obtained bj" closed spirometiw. 
The ventilatory equivalent for oxygen was calculated from the equation 
minute ventilation in liters. 


minute oxygen uptake in c.e. 
per 100 e.c. oxygen removed. 


It was reported as number of liters ventilated 


Distributional and Diffusional Factors .—A rough measure of the adequacj' 
of intrapulmonaiy mixing was obtained from the nitrogen content of the al¬ 
veolar sample after seven minutes’ oxj'gen breathing.’- In normal subjects 
this sample contains no more than 2.5 per cent nitrogen. Cournand and as¬ 
sociates recentlj’- observed that this value is even lower after pneumoneetomj-.’' 
Jloderate hj'perventilation during the ox.ygen breathing pei’iod and a greatty 
reduced dead space and functional residual volume probably accounts for this. 
From data of the present investigation it was concluded that in patients after 
pneumonectom,y an alveolar nitrogen content of over 1.5 per cent should be 
considered indicative of defective intrapulmonaiy mixing. 

Earlj' in the stud.v, arterial samples were obtained and anal.vzed for o.xygen 
and carbon dioxide content and oxygen combining power, and the arterial 
o.xvgen saturation was calculated. These studies were abandoned after a few 
months, ehieflj- because all resting o.x.vgen saturations were well within normal 
limits. A large number of patients of this gronp were operated upon for 
tuberculosis, and it was felt that exercise severe enough to demonstrate arterial 
unsaturation was contraindicated. Finally a number of patients who gladly 
volunteered for ventilation studies hesitated to return to the laboratorv foi' 
weekfv or monthty ai’terial punctures. 

Nomcnclatnrc. —The new definitions recently jiroposed by a committee of 
respiratory physiologists were adopted because thc.v arc simple and self-ex¬ 
planatory."'’ The subdivisions of the total hing capacity were (1) the tidal 
vohime moved during resting ventilation, (2) tlie in.'tpiraiory capacity or maxi¬ 
mal volume of inspired air measui-cd from the pulmonar.v mid jiosition, (3) 
the r.rpiraiory reserve or maximal volume of c.xpired air mcasui'cd from the 
imlmonary midposition, (4) the residual volume I’cmaining in the lungs after 
maximal exiiiration, and (5) the funclional residual capacity obtained by ad¬ 
dition of the cxi>iratory re.ser\-e and residual volume. 


CI.I.NTCAE MATKIUAE AXn .STUDY I'HOORAM 
Patients were selected in whom iineiimonectomy was planned for disease 
other than tu’itnary or metastatic malignant tumor. <)i>cratioii va.s iJcrformcd 
for tuberculosis in thirty-five patients, for multiple lung abscesses in two, for 
total bronchiectasis in one, and for myohla.sloma in one. Pneumonectomy and 



GAEXSLER AND STKIEDER : 


CHAXGES IN rt'EMONARV VUNCTIOX 


pleurectomy were performed in one patient for total mixed empyema with 

multiple hronchoplcural fistulas. . • i „ p, n 

Nine patients had additional collapse of the remaining lung, rneumo- 

peritoneum was induced prior to operation and maintained throughout the 
period of study in eight patients. One patient liad a five-rib thoracoplasty over 
the remaining lung prior to pneumonectomy. The functional effect.s of the 
pneumoperitoneum were ignored in the present statistical analyses because ue 
were chiefly concerned with changes in function and the pneumoperitoneum 
remained unchanged both before and after operation. Furthermore, the 
changes due to pneumoperitoneum in patients with pneumonectomy are ex¬ 


tremely sniall.^ 

No patient had significant disease from a functional standpoint of the 
remainins lung either before or after operation. Sjireads in this scries, when 
they occurred immediately after surgery, invariably disappeared within two 
to four montlis and were thought to have no measurable effect on pulmonary 


ventilation. 

All but four patients were studied immediately prior to operation and all 
patients were studied one and two weeks, and two, three, four, and six months 
after operation, and every six months thereafter. Only patients studied at least 
six months after operation were included in the study. The walking test was 
omitted for the fiiut four montlis after operation in all patients with tuberculosis. 
The MBC and upright VC tests were omitted at the one week postoperative 
studj'. One patient, after having been well for two yeai-s, suddenly developed 
a tuberculous abscess of the chest wall and died, presumably of miliary tuber¬ 
culosis, shoitly thereafter. All of the remaining thirty-nine patients are es¬ 
sentially well six months to two and one-half years after operation. 


TRE.ATUENT OP D.ITA 

Bach time a patient was studied, a total of twenty-two determined and 
derived values were obtained, excluding tlie preoperative hronchospirometry 
and differential residual volume determination. The forty patients were studied 
on 343 occasions, and 8,918 data were obtained. It was not possible to show 
these either in tabular form or in illustrations. The data were therefore pre¬ 
sented in two ways. Tj'pieal patients' data are shomr for every one of the 
various methods of treatment of the pneumonectomy side. In addition, sta¬ 
tistical data are presented in summary form for each method of treatment. 
The number of patients in some groups was small, and still fewer patients were 
studied at the longer time intervals. The summary illustrations were thereby 
limited to one and one-half years after operation. 

I. Pneumonectomy ^Slthoitt A/fcrtrcafwejif.—Twelve patients received no 
further treatment of the empty hemithorax after resection except for two or 
three thoracenteses during the first postoperative week for pressure adjustment 

“r tr™L '“‘■'I’*™™ "-»e iniJed 
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Hand’s regression formulasd^ One-half of the predicted value was used as 
“normal” for patients after pneumonectomy. The air velocity index was cal- 


cuLted from the equation ... This index should 


per cent of predicted VC 
be 1.0 or larger in the absence of any obstructive ventilatory defect. 

The supine vital capacity and its subdivisions, minute ventilation, min¬ 
ute oxygen uptake, and respiratoiy rate were obtained by closed spirometry. 
The ventilatory equivalent for oxygen was calculated from the equation 
minute ventilation in liters. 


minute oxygen uptake in e.c. 
per 100 c.c. oxygen removed. 


It was reported as number of liters ventilated 


Distributional and Diffusional Factors. —A rougli measure of the adequacy 
of intrapuhnonarj' mixing was obtained from the nitrogen content of the al¬ 
veolar sample after seven minutes’ oxygen breathing.*^ In normal subjects 
this sample contains no more than 2.5 per cent nitrogen. Cournand and as¬ 
sociates recently observed that this value is even lower after pneumonectomy.^ 
JModerate h 3 ^perventilation during the oxj''gen breathing period and a greatlj’" 
reduced dead space and functional residual volume probablj" accounts for this. 
From data of the present investigation it was concluded that in patients after 
pneumonectomj^ an alveolar nitrogen content of over 1.5 per cent should be 
considered indicative of defective intrapulmonar}’’ mixing. 

Earl}'- in the study, arterial samples were obtained and analyzed for oxygen 
and carbon dioxide content and oxygen combining power, and the artei'ial 
oxygen saturation was calculated. These studies were abandoned after a few 
months, chiefly because all resting oxygen saturations were well within normal 
limits. A large number of patients of this group were operated upon for 
tuberculosis, and it was felt that exercise severe enougli to demonstrate arterial 
unsaturation was contraindicated. Finally a number of patients who gladly 
volimteered for ventilation studies hesitated to return to the laboratory for 
weekly or monthly arterial punctures. 

Nomenclature .— The new definitions recently proposed by a committee of 
respiratory physiologists were adopted because they are simple and self-ex¬ 
planatory.^” The subdivisions of the total lung capacity were (1) the tidal 
volume moved dui’ing resting ventilation, (2) the inspiratory capacity or maxi¬ 
mal volume of inspired air measured from the pulmonary mid position, (3) 
the expiratory reserve or maximal volume of expired air measured from the 
pulmonarj’- midposition, (4) the residual volume remaining in the lungs after 
maximal expiration, and (5) the functio7ial residual capacity obtained by ad¬ 
dition of the expiratory reserve and residual volume. 


CLINICAL JIATEKIAL AND STUDY PROGRAJI 

Patients were selected in whom pneumonectom}^ was planned for disease 
other than primary or metastatic malignant tumor. Operation was performed 
for tuberculosis in thirty-five patients, for multiple lung abscesses in two, for 
total bronchiectasis in one, and for myoblastoma in one. Pneumonectomy and 
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Bronchospirometry sto-sved no ventilation or gas exchange by the left lung. Both 
the VC and the AIBC vrere larger than 50 per cent of predicted, and the air velocity index 
n-as 1.37. The residual volume and total capacity were also larger than the predicted 
normal for one lung. The lung was therefore somewhat hyperinflated during all phases 
of respiration. Eesidual volume expressed as per cent of total capacity (El /TC x 100) 
was 26 per cent or essentially within normal limits. The pulmonary mixing index of 4.67 
was greatly elevated, probably because the atelectatic and excavated left lung was not 
ventilated but did have nitrogen containing dead space. 

Immediately after operation all components of the total capacity were decreased. 
The expiratorv reserve suffered most, due to hesitation by the patient to mahe a painful 
forced expiration. The residual volume was reduced more than the total capacity and 
the BV/TC ratio was decreased to slightly below the predicted figure. These immediate 
postoperative findings were characteristic for all patients after primary pneumonectomy. 
The total capacity was reduced both because pain inhibited maximal inspiration and be¬ 
cause the lung was somewhat compressed by large qvmntitics of fluid and air under neutral 
pressure in the empty hemithorax. The respiratory rate, the minute ventilation, the 
ventilatory equivalent for oxygen, and the minute oxygen uptake were all increased. As 
the tidal volume decreased, respiration became less efficient because the dead space occu¬ 
pied a relatively larger portion of each breath. This patient breathed S.7 liters for every 
100 c.c. of oxygen removed, whereas only 3.0 liters of air were required before operation. 



Fig. 3.—^Roentgenograms o£ the chest of patient B before nnPT-'.tior, „ j . 

pneumonectomy. Little overdistention was noled w^th^t fmher trelSne^^^^ 

capacity returned to its preoperati 
le^el, and the vital capacity remained reduced by about 100 c.c. at the ^ e *• 

residual volume which increased about 100 c.c. The lun-r at full insoiratio ^ ' 

a quiet expiration was somewhat higher. This increase of the ElVTC ratio to 30 
cent IS sometimes considered to represent slight emphysema.si, 22 ^ ^ ^ 

During the nest one and one-half vears no further striVie^ pi. 
oxygen uptake increased as the patient gained 45 pounds tnd occurred. T 

the ventilatory equivalent returned to the preoperative Th^^® ventilation a: 

index was sharply reduced immediatelv after operation and P"J“ 0 ”ary mixi: 

per cent nitrogen after that ' ^ ‘ ^ ^ever increased above 3. 
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Broncliospirometrv stowed no ventilation ox gas esctange by tbe left lung. Both 
the YC and the AIBC wexe larger than 50 per cent of predicted, and the air velocity index 
was 1.37. The residual volume and total capacity were also larger than the predicted 
normal for one lung. The lung was therefore somewhat hyperinflated during all phases 
of respiration. Eesidual volume expressed as per cent of total capacity (El /TC x 100) 
was 26 per cent or essentially within normal limits. The pulmonary mixing index of 4.67 
was greatly elevated, prob.ably because the atelectatic and excavated left lung was not 
ventilated but ^d have nitrogen containing dead space. 

Immediately after operation all components of the total capacity were decreased. 
The expiratory reserve suffered most, due to hesitation by the patient to make a painful 
forced expiration. The residual volume was reduced more than the total capacity and 
the BY/TC ratio was decreased to slightly below the predicted figure. These immediate 
postoperative findings were characteristic for all patients after primary pneumonectomy. 
The total capacity was reduced both because pain inhibited maximal inspiration and be¬ 
cause the lung was somewhat compressed by large quantities of fluid and air under neutral 
pressure in the empty hemithorax. The respiratory rate, the minute ventilation, the 
ventEatory equivalent for oxygen, and the minute oxygen uptake were all increased. As 
the tidal volume decreased, respiration became less efficient because the dead space occu¬ 
pied a relatively larger portion of each breath. This patient breathed S.7 liters for every 
100 c.e. of oxygen removed, whereas only 3.0 liters of air were required before operation. 



Burmg the following two months tbe total capacity returned to its preonerativ 
evel, and the vital capacity remained reduced bv about 100 c c at the exnense e 
residual volume which increased about 100 cc The lunn at fuli in ■ ^ 

of a quiet expiration was somewhat higher. This increase of the EY/TC ratio to '■n 
cent IS sometimes considered to represent sEght emphysema.^, ^ 

During the next one and one-halt vears no further rtril-ioo ..i 
oxygen uptake increased as the patient gained 45 pounds to 1 “ ^ occurred. Th 

the ventilatory equivalent returned to the preoperative taluet The’"''" 
index was sharply reduced immediatelr after operation anfl ' ^ Pulmonary mixin 

per cent nitrogen after that. ' ^ ^ '®‘' '“creased above 1.7 
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gaensler axd stkiedek: changes in* pulmonary function 

studies of this patient illustrate that (1) overdistention occurs chiefly during the 
first two months after operation (2) overdistention postoperatively remains imnimal in 
certain patients, and (3) pneumonectomy for a functionless lung causes no further loss 
nf maximal function as expressed by MBC and A C. 

2._ Early Severe Postoperative Orerdistcnfion; E. M., a 24-year-old woman, had 

a pneumoneaomv for giant tension cavity which developed during induction of an un¬ 
successful pneumothorax for far advanced cavernous pulmonary tuberculosis (Fig. 4. 
Table H). 

Preoperative bronchospirometry and differential lung volume determination showed 
that oxygen uptake of the right lung was reduced to 11 per cent of the total. A'entilation 
and vital capacity were almost equally reduced. The residual volume on the right was 
onlv slightly reduced and the EV/TC ratio was 4S per cent. This does not indicate em¬ 
physema. but merely shows that little of the air within the lung could be expired on maxi¬ 
mal effort. The mixing index of 3.71 per cent on that side was greatly elevated. The 
■“good” lung showed a normal relationship of the various components of the total ca¬ 
pacity, although all components were somewhat less than 50 per cent of predicted. This 
patient, unlike the last one, had a slightly smaller than normal lung, perhaps because of 
the pneumoperitoneum and previous cavernous disease on that side. 



Immediately after operation this patient's studies duplicated those of the last pa¬ 
tient (iI3.). All components of the total capacity were reduced. As in the lasVcase 
vol'nme^”'' became more inefficient due to increased respiratory rate and decreased tidal 

Beginning the second week after operation, the studies of this Po 

show great differences from the previous case. The vital "anacitv if a F*” 
improvement, but the total capacity increased steadL dS , ”i f " 

At the end of two months, the residual volume was'lSO I 
residual volume before operation and 330 c.c. lar-er than'the fe d t 
■a-d- ...6 Tl. EV/TC L n H, 'I “J- S' 

(xr’rc- i: s " 
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GAENSLra AKD STRIEDER: CHAXGES IN PULSIONARY FUNCTION 

Studies of this patient illustrate that (1) overdistention occurs chiefly during the 
first t^vo months after operation (2) overdistention postoperatively remains minimal in 
certain patients, and (3) pneumonectomy for a functionlcss lung causes no further loss 
-of maximal function as expressed by SIBC and VC. 

Case 2._ Early Severe Postoperative Overdistention: E. SI., a 24-year-old woman, had 

a pneumonectomy for giant tension cavity which developed during induction of an un¬ 
successful pneumothorax for far advanced cavernous pulmonary tuberculosis (Fig. 4, 
Table II). 

Preoperative bronchospirometry and ditlerential lung volume determination showed 
that oxygen uptake of the right lung was reduced to II per cent of the total. Ventilation 
and vital capacity were almost equally reduced. The residual volume on the right was 
only slightly reduced and the BV/TC ratio was 4S per cent. This does not indicate em¬ 
physema, but merely shows that little of the air within the lung could be expired on maxi¬ 
mal effort. The mixing index of o.il per cent on that side was greatly elevated. The 
■"good” lung showed a normal relationship of the various components of the total ca¬ 
pacity, although all components were somewhat less than 50 per cent of predicted. This 
patient, unlike the last one, had a slightly smaller than normal lung, perhaps because of 
the pneumoperitoneum and previous cavernous disease on that side. 



Fig. 4.—Roentgenograms of the cliest of patient R. AI. before and tliree mnnthc 
monectomy. Severe overdistention occurred soL after operaUon 


tient^rTR'^r‘'i^,®^‘” operation this patient’s studies duplicated those of the last pa¬ 
tient (M.B.) All components of the total capacity were reduced. As in the last case 

-voruml “ inefficient due to increased respiratory rate and decreased tidal 

Beginning the second week after operation, the studies of this r,nf r i 
show great differences from the previous case. The Jtal capaci v vhol ed f" 

improvement, but the total capacity increased steadUv due to a riW re W T 

At the end of two months, the residual volume was'l30 cc lamer th Yolume. 

residual volume before operation and 330 c.e. larger than the m id T combined 
good” lung alone. The EV/TC ratio had nearlv Lubled (T^ble 11 F Ti 
Tight lung participated to some extent in ventilation itv r i 
ti.nt, caused , permanent reaaclion of VC and lIBC.' Eeeausrof fho" ''"f a” ”” 
.l.™o.p,a„v caaj,. fS 







Table III, Pneujionectoxiy Without Aftertreatment, Preoperative Overdistention (Patient W. H.) 
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This study illustrates that (1) overdistention occurs early after operation, (2) over¬ 
distention can be rapid and severe in certain patients, and (3) removal of a lung par¬ 
ticipating in ventilation to any extent causes a permanent loss of maximal ventilatory 
function. 

Case 3. —Orerdistenlion and Emphysema Before Operation: AV. H.. a 42-year-old 
Negro man, had been treated for pulmonary tuberculosis for four years prior to operation. 
He had a manic-depressive episode immediately after operation, and the one- and two-weeh 
studies could not be performed. 

Prior to operation, bronchospirometry- revealed an almost entirely destroyed lung 
on the right (Fig. 5, Table HI). Differential residual volume determination .shorved onlv 
11 per cent of the total capacity on the right, and almost one-half of thi.s rvas residua) 
volume. The “good” lung before operation was greatly overdistended. It alone occu¬ 
pied a space (3,34.a c.c.) which was over two-thirds of the total predicted volume (4.S10 



volume was nLrly twice^ noraaT"'The^ RV^Vratio^ total predicted, but the residual 
creased to 41 per cent. In this patient th'? ” / in- 

trmed capacities during the first, the first two andThTfi Part. The 

the spirogram were onlv 5S. 6S, and ff per cent of th fobtained from 

tory defect was given by" thVSr TelSrindfr^f '-S 

e,i::t;.r of ventiia^mg z, ;i;su?4h:^„ro;:tS!; 

Sstent“r”® '7 °p"™tifn operation with 

SZSZ ^“"<=tionaTSarvolur"" cxpicatorv ieserve 

the Rv/Tc- 72^ 1-2: - r 
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THE JOUKXAE OF THOKACTO SUItOEKY 


normal 1.5 per cent nitrogen after pneumonectomy. This patient was also unu.sual in that 
he showed evidence of true ernphy.sema which increased during the second year of .study; 
The JIBO showed a progressive decline, the air velocity index and breathing reserve dur¬ 
ing exercise decrea.sed also, and the timed capacitie.s declined while the total vital ca¬ 
pacity remained unchanged. 

Tn summary, this patient showed that (1) postoperative overdistention need not 
necessarily bo the result of the removal of the lung, but may have been present to an 
equal extent prior to operation and (2) that simple overdistention may, at an early date, 
develop into true obstructive cinphj-sema. 


PNEUMONECTOMY. NO AFTERTREATMENT 

Before Operation After Operation 

I 2 2 3 4 6 I I 1/2 
Wk. Wits, Mos Moi Moi Moa Yt Yrs. 



MEAN, 12 PATIENTS 


G.—Mean lunjr volume.s an;t maximum breatliinp: capacities of twelve patients not 
further treated after pneumonectomy. Tlic total lunpr capacities and subdivisions of botli 
luntfs toKether and eacli lung separately arc shown before operation and at Intervals tliere- 
after. Tlie predicted lung volume and maximum Irreatldng capacity for a single lung are 
indicated. The .subdivisions of tlie total lung capacity in tills and subsequent drawings are 
identified as follows: bl.ack: residual volume, stipplerl black: expiratory reserve, stippled 
white: Inspiratory capacity. Tlie two riark areas together represent the functional residual 
capacity and tlie two stippled areas together reprc.scnt tlie vital capacity. 


Fig. 6 sliow.s a .summary of studies of twelve patients tvho had no further 
treatment after pneumonectomy. Before operation the average “good” lung 
.showed a normal total capacity, a somewhat reduced vital capacity, and a .slightly 
increased residual volume. Therefore, .slight overdi.stention was pi'csent during 
quiet respiration, but not at fulle.st inspiration. When compared to the single 
“good” lung before operation, the in.spiratory capacity and expiratory reserve, 
together the vital capacity, showed a sharp decrease shortly after operation and 
returned to their preoperative values within two months. I’he total capacity 
showed a slight decrease immediately after operation but then increased during 
the first few months. This incrca.se was entirely due to a sharp increase of the 
residual volume from 681 c.c. before operation to 903 c.c. four months after 
pneumonectomy. The RV/TC ratio increased from 31 to 37 per cent. Thus, 
after operation the avei’age lung ivas somewhat overdistended both in maximal 
inspii'ation and in the ]nilmonary midpo.sition. more so in the latter. 













GAENSLKK ANO STKIEUKK: niANGl^ IN l‘l-EMGSAUY ITNCTION 


ir. 


■> sis paltous. I1.C liml "»» .■«iovc,l f«i,» ll.i- sis..-.' 

fovmerlv oerapied l..v the lm,s ami vc,.la.'«l «itl. air. Tlasa |.al.enls rvorr so- 
Ircled tonuiso tl.rir romiilio.. »-a» so poor prior to pm..,mo.,rrt„n,,v th.al ,t tvas 
tltomlM tmliWv ll.al thr.v tvolild sooi, lltorcaftor l.o al* to toloralr tl.rtl.or 
sm-erv. Tlie space was (Irka l>y thoracentesis iminediately alter opci-atioii and 
even- dav tiieveaftev for fourteen days. Thoracenteses were followed hy strcido- 
mvein and penicillin in.iections. Tsually no further punctntvs were nece.ssary 
after this time. Prc.ssui-es Avere maintained sliuhtly on the ne-ative side for 
nvo weeks. The amount of weekly refills was then governed hy the position of 
the mediastinum seen hy fluoroscopy and hy reports of luiiil volumes from the 
laboratory. Neutral mean pre.ssures usually sufliced for the first month, and 



Fig, 7.—^Roentgenograms of tlie chest of patient A. L». before pnevin\onectou\y nml six months 
after pneumothorax treatment of the space, Xo overdistention was observed. 


mean pressures of pins 3 and plus 5 cm. of water were needed thereafter. In 
one patient, reappearance of clear yellow fluid four months after operation was 
indicative of tuberculous empyema. This was fii-st treated hy lavage and later 
by oleothorax. 


C.iSE ■!,—A. L., a i!3-year-ol(l woman, lia<J a pueumoneetoiny for multiple tuberculous 
excavations m both lobes of the left lung (Fig. 7). The patient was verv ill ami toxic 
and weighed only eighty-six pounds. 


Bronchospirometry prior to operation showed that the left lung contributed about 
one-fourth of the total ventilation, oxygen uptake and vita, eapacitvrdilTerentlal reJd^l 

(?aWe "5 per cent of the total residual volume on the left 

(Table lA ). In spite of the advanced di.sease. the AIBC w-is inc r.r., i. ^ 

for two lungs and the upright YC was 100 per cent of prVdict^l Tl,r“id- rb'ht 

lung was much larger than expected. Its total capacitv was lie 

normal volume. However, the components of this total eapacitv had'an 

ship, and the BV/TC ratio was 20 per cent (normal). ' relation- 
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normal 1.5 per cent nitrogen after pneumonectoni}'. This patient was also unusual in that 
he showed evidence of true emphysema Avhich increased during the second year of study; 
The MBC showed a progressive decline, the air velocity index and breathing reserve dur¬ 
ing exercise decreased also, and the timed capacities declined while the total vital ca¬ 
pacity remained unchanged. 

In summary, this patient showed that (1) postoperative overdistention need not 
necessarily be the result of the removal of the lung, but ma^’' have been present to an 
equal extent prior to operation and (2) that simple overdistention may, at an early date, 
develop into true obstructive emphysema. 


PNEUMONECTOMY, NO AFTERTREATMENT 

Before Operation After Operotlon 


Total 


s 


i 



Bad Good 
Lung Lung 


I 2 2 3 4 6 I I 1/2 

Wk. Wks. Mos. Mos. Mo& Mos. Yr Yrs. 



21 31 


30 a 34 35 37 38 38 39 

M.B.a 


Predicted WBC 


MEAN. 12 PATIENTS 


Fig-. 6.—Mean lung volumes and maximum breathing capacities of twelve patients not 
further treated after pneumonectomy. The total lung capacities and subdivisions of both 
lungs together and each lung separately are shown before operation and at intervals there¬ 
after. The predicted lung volume and maximum breathing capacity for a single Jung are 
indicated. The subdivisions of the total lung capacity in this and subsequent drawings are 
identified as follows: black: residual volume, stippled black: expiratory reserve, stippled 
white: inspiratory capacity. The two dark areas together represent the functional residual 
capacity and the two stippled areas together represent the vital capacity. 


Fig. 6 shows a summary of studies of twelve patients who liad no furtlier 
treatment after pneumonectomy. Before operation the average “good” lung- 
showed a normal total capacity, a somewhat reduced vital capacity, and a slightly 
increased residual volume. Tlierefore, slight overdistention was present during 
quiet respiration, but not at fullest inspiration. AVhen compared to the single 
“good” lung before operation, the inspiratory capacity and expiratory reserve, 
together the vital capacity, showed a sharp decrease shortly after operation and 
returned to their preoperative values within two montlis. Tlie total capacity 
showed a slight decrease immediately after operation but then increased during 
the first few months. This increase was entirely due to a sharp increase of the 
residual volume from 681 e.c. before operation to 903 c.c. four months after 
pneumonectomy. The EV/TC ratio increased from 31 to 37 per cent. Thus, 
after operation the average lung was somewhat overdistended botli in maximal 
inspiration and in the pulmonary midposition, more so in the latter. 
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gakxsler and sTmEin:R: chan«i^^ in rn.MONAUV fcnctk.n 

others. probabU-due to V.phpneuniotWxi>TC?5«TC?. , o „ W. 

dLok the first postopemtrve yeur. a., entirely dilTeront p.cture developed tb. n . 
the p^^ieuts rritbout treatment. At the end of three months, nil components of the total 

aparitv had reRained the values of the single ‘-nod- Iuur '-f'--/!'-'':;';- 
normal'relationship between vital capacity and res,dual volume perststed. T>..s IIN /Tt. 
ratio remained nomal throughout the period of study. The preoperattve restdual volume 


PNEUMOTHORAX 

Before Operation After Operation 



av./T.a 

25 

20 26 23 ; 26 

26 27 28 28 28 20 

§ 80 


i 

i 


vj TO 

VS 


X 

M.B.C. ^ ^ 

tjj $0 


» 


50 


* 

Predicted M.8.C, 


MEAN, 6 PATIENTS 

Fig. 8.—Mean function studies of 6 patients in whom pneumonectomy was followed by pneu- 

mothorax- 


of the single lung was 490 c.c.,. and this .same volume was 510 c.c. one year later. hSasimnl 
preservation of function of the remaining lung was further shown by a maximum breathing 
capacity, which was 182 per cent of the normal predicted for one lung and by a vital 
capacity of 152 per cent of predicted- Although this patient’s lung was much larger 
than predicted, it also functioned much better in every respect. Since the RV/TC ratio 
remained normal, this large sire could not be regarded as evidence of overdistention, but 
rather as the remaining lung of a patient with unusually good pulmonary function prior 


Fig. S shows a summary of the postoperative studies of sbe patients main¬ 
tained on pneumothorax. Tlie immediate postoperative changes were the same 
as in the previous chart. At the end of three months there was no evidence of 
overdistention and, although the residual volume slowly increased, at the end 
of one year it was only 80 c.c. larger than the calculated single residual volume 
efore operation. The RY/TC ratio increased only 4 per cent. The 5IBC was 
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13S per cent of the "one lun,’' ineclictca. and the. Vf .-as <.4 per cent of this 

Pneumothorax com])letely confined the remaining Inn- nitlun 
position and volume, and it did so nitl.out causniu any turther redtnt.on 

maximal ventilation. .1 . s-^,. 

3 OhoOwrax.—Two patients were maintained on luicumothonix loi loui 

and nine months, respectively, and the space was then filled with oil. This was 
done in one patient because of the appearance of clear yellow lluid containing 
1/ tuberculosis, and in the other, because of appearance of sterile cloudy lluid. 
A third patient, not included in this series, has been followed for three yeaix 
irith oleothorax on one side and an extrapleural ]uieumothorax of the remain¬ 
ing Iung.= The oil in the fii-st two eases was mineral oil. and in the last case, 
olive oil. Formation of fluid subsided in the fii'st two patients shorth aftei 
introduction of the oil. and all three patients are well at present. 


Fig. S. Roentgenograms of tlie chest of patient D. D. before pneumonectomy and one rear 
after induction of oleothorax. No overdistention was observed. 

C.VSE 5. D. D., a 2G'Vear-old woman, liad a pneumonectomy for multiple excavation 
of the upper lobe of the left lung and a single large cavity just above the left diaphragm 
(Fig. 9). The patient did well on pneumothorax treatment of the space fornierlv occupied 
by the left lung. After four month.* a tuberculous empyema developed and the space was 
filled with mineral oil. 

-Unlike the previously discussed cases, this patient's single “good" lum- before onera- 
non was smaller than predicted (Table V). The VC was 1,.110 c.e. (predicted 1,570) and 
the re.idual volume was 3,0 c.c.'(predicted 390 c.c.). The EV/TC x 100 ratio was normal 
that IS the lung was not overdistended in the pulmonary midposition. The lunc^ to be 
resected showed remarkably good function in spite of e.xtensive cavitation It wn 
sponsible for about one-fourth of the total ventilation and o.xvgen uptake at're^t ' 

One week: after operation the patient developed a spontaneous pneumothorax of the 
one remaining lung. At that time, the VC was onlv 590 c.c and the total I \ ^ 

was only SOO cubic centimeters. Complete re-expansion was’accomplished at life TndTf 
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Spontaneous pneumothorax of remaining iung. 



gaensltt. and .<ti:ieder: 


CHAN<U>= IN rn.MONAKV rENETION 


IP 


13S per or- .he -...e lunp" pre.lie.cl. ».»! .Le VC «»e P4 per ee,., ef .We 
'™Vre“m..I„.n.s eomple.ele the 

p»i,io„ »..d V„h„«e. e,.d i. .IM eo rvhh.m, epueme pny n.r.l.e. 
"“t“oM“-Trr„ p„ie„,r n.pin.»i,.e,i 

and nine months, respcc-tivel.v. and the space na.s then fined ^Mth oi . This 
done in one patient because oi the appearance of clear .velknv 
¥ tuberculosis, and in tlie other, because of appearance ot sterile cloudj fluid. 
\ third patient, not included in this series, has been lolUnved tor throe jeaiN 
^vith oleothorax on one side and an extrapleural pneumothorax ot the remain¬ 
ing’^ luim^ The oil in the fii-st two cases was mineral oil. and in the last ca.se, 
olive oil Formation of fluid subsided in tlie fim two patients shortly alter 
introduction ot the oil. and all three patients arc well at present. 



Fig. 9.—Koentgenograins of the chest of patient D. D. before pneumonectomy and one year 
after induction of oleothorax. No overdistention was ebserve'j. 


Case -5.—D. D.. s itO-year-oId vremnn. Iisd ti I'aeumonectora.v for multiple exeavtuion 
OI the upper lobe of the left lung and a single large cavity ju?t above the left diapihramu 
(Fig. 9i. The patient did tvell on pneumothorax treatment of the .space formerlv occupied 
by the left lung. After four months a tuberculous empyema developed and the sjiace was 
filled with mineral oil. 


Fnlihe the previously discussed cases, this patient's single ••good'-' lung before opera¬ 
tion was smaller than predicted (Table V). The VC was 1.310 c.e. (predicted 1 .5701'and 
the residual volume was 370 c.c.'(predicted 390 c.c.l. The BV/TC x 100 ratio wa= normal 
that IS, the lung was not overdistended in the pulmonary midposition. The lun" to be 
resected showed remarkably good function in spite of extensive cav-itation It was re¬ 
sponsible for about one-fouri'n of the total ventUation and oxvgen uptake a* re't 

». Lrer.;T,f"r.r“ 

.ay SM ,.M. Coapi... U.apll.M „ 
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two weeks. At that time, the usual immediate postoperative changes were observed. 
After two months, the VC had regained its preoperative value but the residual volume 
had increased to 585 c.c., and the RV/TC ratio was elevated to 30 per cent. Thus, at 
deepest inspiration, the lung was still smaller than the single predicted lung volume, but 
during quiet breathing the lung was slightly overdistended. No further change occurred 
during the next two months. At the end of four months, the space was filled with oil 
(Table V). This caused no further change of maximal ventilation as expressed by the 
MBC. The total lung capacity also remained entirely unchanged and there was no altera¬ 
tion in the relationship of the subdivisions of the total capacit 3 -. No further change oc¬ 
curred during the course of the next one and one-half j-ears. 

Oleothorax replacing pneumothorax as lung prosthesis caused no further change of 
inaximal ventilation and no alteration of the total capaeitj- and its subdivisions. 



Fig. 10.—Roentgenograms of the chest of patient F. Z. before pneumonectomy and four 
months after introduction of a plastic sponge into the space. The overdistention existing before 
operation has been corrected. 


4. Plastic Sponge Plomhage .—In three patients, the space was maintained 
as a pneumothorax for three to nine months, and a plastic sponge prosthesis 
was then introduced. The sponge (Ivalon) was used bj’ Grindlej' and Clagett 
in experimental animals and was found to be relativelj^ inert.^® Its use in man 
has not been recorded previously. 'From one to three sponges were shaped 
roughly to fit the space, soaked in a penicillin-streptomycin solution and intro¬ 
duced through the fourth intercostal space. A small amount of fluid was re¬ 
moved on a few occasions during the first two weeks after opei'ation. The spaces 
then remained diy, and the structural detail of the sponges ivas visible on the 


roentgenogram. 

Case 6 .—P. Z., a 24 - 3 -ear-old woman, was admitted with a completel 3 - atelectatic left 
lung (Fig. 10). Severe ulcerative endobronchial disease was noted on bronchoscopy of the 
left mainstem bronchus, and the bronchus was completely occluded 53 - scarring, stricture, 
and edema proximal to the take-olf of the left upper lobe. The left lung was removed, and 
the space was maintained as a pneumothorax for two months. At t lat time the major por¬ 
tion of three sponges, measuring 3 by 4 by 7 inches, was introduced into the space. The 
postoperative course was uneventful. 
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Both the preoperntive roentgenogram (Fig. 10) and the preopcrntive lung volume 
studies (Table VI), showed marked overdistention of the functioning lung. This over- 
distention, however, had not taken place in the residual volume fraction of the total ca¬ 
pacity. All components of the total capacity were proportionately enlarged, and the 
EV/TC ratio was therefore normal. This patient, like A. B. (Table IV). had a large 
well-functioning lung. 

The changes observed immediately after operation and during the two months of 
pneumothorax treatment did not differ from those of patient A. h. .lust prior to plombage 
the total capacity and the MBC were slightly smaller than before oiieration, and the 
residual volume was .slightly larger than before. 
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Tvlioni pneumonectomy was Io^^owceI by 


5. Earli; Thoracojjlasty .—This procedure ^vns carried out in six patients 
six weeks to two months after resection. Portions of five to seven ribs were 
removed in one stage, not including tlic rib resected at the time of pneumonec¬ 
tomy. The firet rib and the transverse processes were not disturbed to minimize 
deformity. 

The laboratory findings in six patients before pneiunoneetomy, immediately 
after resection and after thoracoplasty are siunraarized in Fig. 12. The lung 
to be resected contributed only 20 per cent of the total lung volume before opera¬ 
tion, The "‘good" lung before operation was slightly overdistended both in 
full inspiration and in the midposition. Changes in kmg volumes and 2IBC 
during the first two months after operation differed in no way from the sronps 
discussed previously and might be superimposed on Fig. 6, showins chanses 
of pneimioneetomy without aftortreatment. The MBC was reduced from 72 
to 52 liters per minute immediately after resection, and rose to 60 liters per 
minute at the end of two months. 

Early thoracoplasty further reduced the 2IBC to 4S Uters per minute and 
SIX months after this operation, it had risen to 56 litere per minute, but never 
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regained the value found just prior to thoracoplasty. All ^ ^1’" 

of the evpiratorv reserve. The RV./TC x lOO pei-eentaire of 32 u as larger thai 
immediately pri'or to thoi-acoplasty. Similar changes u'ere observed in patient 

R. M. (Table II). 



Fig. 13.—Roentgenograms of the chest of patient -A. P. three months after pleuro-pneu- 
monectomy and six months aft^r thoracoplasty. The posterior herniation of trie ripht lun^ 
was not corrected. 


The alterations in function caused by early thoracoplasty ivere not entirely 
desirable. The maximal stroke volume as expressed by the VC was reduced, 
maximal ventilation tested by the ilBC was permanently reduced and the 
residual volume still was larger than predicted. Xo overdistention was present 
on deepest inspiration, a respiratory position assumed relatively rarely. Over¬ 
distention Avas present in the pulmonary midposition, the size in which the lung 
is most frequently encountered during a sedentarA* life. 

6. Lafe Thoracoplasty .—This operation Avas done in one stage fiA'e months 
to two years after pneumonectomy. The first rib and the transveree processes 
Avere not remoA-ed. Resection of five to nine ribs including rcA-ision of the re¬ 
generated rib removed at the time of pneimioneetomy Avas carried out. 


Case 7.—Patient A. Z., a 36-Tear-old woman was admitted to tiie Sanatorium Division 
with a history of tuberculous empyema following unsuccessful pneumothorax ten years 
ago. An acute illness characterized by expectoration of much foul sputum and high fever 
began one week before admission. A diagnosis of putrid empvema with bronchopleural 
fistula was made and the space was drained. Bronchoscopy revealed onlv a pin point 
opening of the left main-stem bronchus. Four months after admission, the 'entire parietal 
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pleura, including the lung, was removed. A posterior herniation of the contralateral lung 
was noted at operation. The patient made an uneventful recovery e.xcept for a permanent 
Horner Is syndrome first noted immediately after operation. 

Physiologic data are shown in Table VII. Before operation, both VC and MBC 
were somewhat larger than predicted. The total capacity was greatly elevated due to a 
residual volume of the single lung which was larger than that predicted for two normal 
lungs. This residual volume occupied 38 per cent of the total capacity (EV/TC x 100). 
The various components of the total lung capacity were reduced only at the one week 
interval after operation. At the end of four months, the VC was smaller than before 
operation but the residual volume had regained its former value and was now 44 per cent 
of the total capacity. 


Before 


LATE THORACOPLASTY 

Operation After Operotion 


3000 r 



MEAN. 6 PATIENTS 


Fig". 14.—Mean function studies of six patients in whom pneumonectomy was followed by 
thoracoplasty six months to two years later. 


Roentgenograms of the chest at this time revealed a large posterior herniation of 
the right lung which was also observed at the time of operation (Pig. 13). Because of 
the very high position of the diaphragm, a small thoracoplasty was performed. Both the 
phj'siologic data (Table VII) and the roentgenogram (Pig. 13) showed no or very slight 
reduction of this herniation. The lung remained overdistended both on full inspiration 
and in the pulmonary midposition. One and one-liaif years later, the residual vmlume still 
occupied 40 per cent of the total capacity. 

The changes of VC and JIBC after late thoracoplasty were in great contrast to those 
after oil and sponge plombage. There was a slight permanent reduction of stroke volume 
but maximal voluntary ventilatory abi]it 3 ', as measured bj’ the MBC, was severelj- and 
permanent!}' reduced from 45 to 35 liters per minute. A loss of ten liters of MBC is of no 
significance if the initial MBC is 100 or even 200 liters per minute. Here ten liters 
represented a 22 per cent decrease and the patient who had never been dyspneie before 
thoracoplasty, now complained of exertional dyspnea. The further reduction to 31 liters 
one year later may well represent the onset of true emphysema with early disruption of the 
pulmonary parenchymal architecture. 


























GAENSLKK AND STRIEDEK : 


CIIANGIS IN rn^MONAUY I'UNCTION 




Fis. 14 shows the nxthcr stvikiu^r mean findin'jis of six patients after late 
thoracoplasty. Two months, two weeks, and one week before thoracoplasty, the 
Inng was moderately overdistended both on lull inspiration and in the pul¬ 
monary midpositiou, more so in the latter. The residual volume was nearly 
twice normal and occupied 38 per cent of the total capacity. Thoracopla.sty 
accomplished just the opposite ot the desired result. The range of the useful 
respiratory movement (VC) was g:reatly reduced, whereas the volume which 
merely dilutes the inspired tidal air (residual volume) was only slightly reduced. 
It still occupied one-third of the total cai>acity. Woi-st of all, the initial mean 
IMBC of 58 liters per minute was permanenty reduced to 46 liters per minute. 


PNEUMONECTOMY AFTER THORACOPLASTY 

Before Operorioa After Operotloo 
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Fie. lo.-Mean function .stuClcs ot six pntients^^^ho hnA pneumonecton.v after thoracoplasty 

Late thoracoplasty corrected overdistcution at maximal inspiration chieflv 
• the expense of the vital capacity. It corrected overdistention on fullest 
xpnapon only partially. It caused a definite and permanent loss of maximum 
bieathing capacity. These are striking findings since the thoracoplastv was doue 

f»>- <!■« 'riU l.e disev,;™,!' Jbse- 

7. Pneumonectomij After Thoracoplasty — The Inuo- u-oc j • . 

patients after thoracoplasty had failed Thoraconh tv i n ^ 
from two to thirteen years prior to resection performed 

ten ribs). Thoracoplastv failures with V extensive (eight to 

ondaiT lobectomies. ‘ ^ «^^^ally had see- 
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Findings after this procedure, summarized in Fig. 15, can be stated briefly. 
Except for the immediate postoperative period, pneumonectomy after extensive 
tboracopiast.y liad no effect on the total capaeitj^ or MBC of the single remaining 
lung. There was no overdistention in full inspiration either before or after 
resection and there was a moderate overdistention in the pulmonary midposition 
both before and after. The functional residual capacity was increased and the 
residual volume occupied 35 per cent of the total capacity before operation and 
34 per cent two months to one year after resection. 

Thoracoplasty Fcj'srs Pneumonectomy for the Functionless lAing. —In the 
course of a detailed study of the ventilatoiy defect due to thoracoplasty, it was 
noted that this procedure caused a considerable permanent loss of function even 
if performed over an apparently funetionlcss lung.^^ Ten patients were selected 
from this group whose bronehosiiirometrv prior to operation showed less than 
10 per cent of the total resting ventilation on the side to be operated. Seven 
of these patients had total atelectasis due to emp 3 'ema or therapeutic pneumo¬ 
thorax. Three patients had cavernous disease involving the entire lung. Their 
individual MBC and upright VC befoi’e opei’ation, two weeks after eveiy one 
of three stages of thoracoplastj'’, and six months after thoracoplasty are shown 
in Fig. 15. Their mean MBC before operation was 71 liters per minute and six 
months later 56 liters, a permanent loss of 21 per cent of maximal ventilatory 
capacity. The mean VC was 2,350 c.c. before operation and 1,725 c.c. six months 
later, a 27 per cent loss of maximal stroke A'olume. 

In the present series of patients, pneumonectomy was performed for 
“destro.yed lung” in twelve instances. Bj’^ bronchospirometiy, nine patients 
showed less than 10 per cent of the total ventilation on the side to be operated. 
Two others showed no ])atenc. 3 ^ of the mainstem bronchus b.y bronchoscopy and 
no aerated lung on that side bj' roentgenogram. The last patient had ulcerative 
endobi’onchial disease with stricture of the mainstem bronchus. The MBC and 
upright VC of this group before opei’ation, two weeks after ojieration, and 
every month thereafter for six months are also shown in Fig. 16. Their mean 
MBC was 58 liters per minute before operation and 57 liters per minute six 
months later, a loss of onlj" 2 per cent. The mean VC at the same time intervals 
was 1,675 c.c. and 1,625 c.c., again a decrease of onl.v 3 per cent. 

Our clinical experience supported these data. There were several patients 
in the thoracoplasty group who wci’e not d.yspneic with one functioning lung 
before collapse and who had moderate d.yspnea six months after thoracoplasty 
over a totally atelectatic lung. A number of these patients had total emp.yema 
of many years’ duration with marked empln'sema of the remaining lung. Tlie.y 
often had considerable respiratorj’^ difficulty, and one such patient died of 
respiratory failure shortlj’^ after a first-stage thoracoplast.'\". 

Several patients who had a nonfunctioiiing lung removed were moderatelj^ 
dyspneic before operation. One woman, befoi-c pneiimoneelom.y, had an MBC 
of 32 liters per minute or 29 per eent of predicted and a VC of 820 cubic centi¬ 
meters. Although she required oxygen inhalation tlierap.v tor about two M'eeks 
after resection, she was less d.vspneic six months after the operation than before 



g.venplkr and STIUEDEI! : 


CUAXEES IN IM I.MONAKY ITNCTKIN 


2 !) 


resection. Her ]MBC at that time was 34 liters per minute and lier VC SSO 
cubic eentinietci-s. She lias worked as a full-time secretary for the ]iast two 
years. 

The laboratory data and clinical experiences were further underlined by 
the lung volume and maximal function studies before and after thoracoplasty 
of a hemithorax from which the lung had been ]ircviously removed (Tables II 
and VII. Figs. 12 and 14). Almost invariably, this secondary jirocedure caused 
a further and pennanent loss of maximal function. This was most strikingly 
demonstrated in the group who had thoracoplasty late after pneumonectomy, 
because the patients had had opportunity fully to recover from the resection 
(Fig. 14). 


NON-FUNCTIONING LUNG 





It must be concluded that thoracoplasty over a functionless lun« usuallv 
auses a permanent loss of function whereas resection of such a lun^ usuall'v 
does not. It might be argued that the functional effectiveness of tP 'a 

lung prior to collapse was underestimated for one reaso 0 ^ 0 ^^ 
the studies of the effect of thoraeoplastv of 0 ^ 0 ^ - heni it"' 
destruction of an extensive nortino of tKo u -*1 ^ ' . ""luurax prove that 
efficiency of the contralateral lung. uupan-s the functional 
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Findings after this procedure, summarized in Fig. 15, can be stated briefly. 
Except for the immediate postoperative period, pneumonectomy after extensive 
thoracoplast}^ had no effect on the total capacity or MBC of the single remaining 
lung. There was no overdistention in full inspiration either before or after 
resection and there Avas a moderate oA'erdistention in the pulmonary midposition 
both before and after. The functional residual capacity was increased and the 
residual volume occupied 35 per cent of the total capacity before operation and 
34 per cent two months to one year after resection. 

Thoracoplasty Versus Pneumonectomy for the Functionless Lung. —In the 
course of a detailed study of the ventilatory defect due to thoracoplasty, it was 
noted that this procedure caused a considerable permanent loss of function even 
if performed over an apparently funetionless lung.^^ Ten patients were selected 
from this group Avhose bronehospirometry prior to operation showed less than 
10 per cent of the total resting A'cntilation on the side to be operated. Scatu 
of these patients had total atelectasis due to empyema or therapeutic pneumo¬ 
thorax. Three patients had cavernous disease involving the entire lung. Their 
individual MBC and upright VC before operation, tAVo Aveeks after every one 
of three stages of thoracoplasty, and six months after thoracoplasty are shoAim 
in Fig. 15. Their mean MBC before operation \A'as 71 liters per minute and six 
months later 56 liters, a permanent loss of 21 per cent of maximal A'entilatory 
capacity. The mean VC AA^as 2,350 c.c. before operation and 1,725 e.c. six months 
later, a 27 per cent loss of maximal stroke A'olume. 

In the present series of patients, pneumonectomy Avas performed for 
“destroyed lung” in tAA^eh^e instances. By bronchospirometiy, nine patients 
shoAved less than 10 per cent of the total A'entilation on tlie side to be operated. 
Taa^o others shoAved no patency of the mainstem bronchus b.A”^ bronchoscopj’’ and 
no aerated lung on that side by roentgenogram. The last patient had ulceratiA'e 
endobronchial disease Avith stricture of the mainstem bronchus. The MBC and 
upright VC of this group before operation, tAvo Aveeks after operation, and 
every month thereafter for six montlis are also shoAvn in Fig. 16. Their mean 
MBC Avas 58 liters per minute before operation and 57 liters per minute six 
months later, a loss of only 2 per cent. The mean VC at the same time intervals 
Avas 1,675 e.c. and 1,625 c.c., again a decrease of only 3 per cent. 

Our clinical experience supported these data. There Avere sevei’al patients 
in the thoracoplasty group Avho Avere not d.A'’spneic Avith one functioning lung 
before collapse and Avho had moderate dyspnea six months after thoracoplasty 
over a totally atelectatic lung. A number of tliese patients had total empyema 
of many years’ duration Avith marked emphysema of the remaining lung. They 
often had considerable respirator 3 ^ difficulty, and one such patient died of 
respiratory failure shortly after a first-stage thoracoplasty. 

Several patients Avho had a nonfunetioning lung I’emoved Avere moderatelj^ 
dyspneic before operation. One Avoman, before pneumoneetom.A', had an MBC 
of 32 liters per minute or 29 per cent of predicted and a VC of 820 cubic centi¬ 
meters. Although she required oxj'gen inhalation tlierap.A’ for about tAvo Aveeks 
after resection, she Avas less dyspneic six months after the operation than before 
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resection. Her ilBC at that time was 34 liters per minute and lier \ G S.'rO 
cubic centimetci-s. She has worked as a full-time secretary for the past two 
veal's. 

The laboratory data and clinical e.xpericnces were further underlined by 
the lung volume and maximal function studies before and after thonicoplast.' 
of a hemithorax from which the lung had been iireviously removed (Tables II 
and VII. Figs. 12 and 14). Almost invariably, this secondary procedure caused 
a further and pemanent loss of maximal function. Thi.s was most strikingl.v 
demonstrated in the grouji who had thoracoplast.v late after pneumonectomy, 
because the patients had had opportunity fully to recover from the resection 
(Fig. 14). 


NON-FUNCTIONING LUNG 
Thoracoplasty Pneumonectomy 



It must be concluded that thoracoplasty over a functionless lung usuallv 
es a permanent loss of function whereas resection of such a bins usuallv 
does not It might be argued that the functional effectiveness of the” diseased 
l^g pnor to collapse was underestimated for one reason or another How^r 

“o ' .".ptr hemitUoiS-pfo . 'ta 

destruction of an extensive portion of the hemithorax impairs th^ f., p- , 
efficiency of the contralateral lung. ' ^ “ functional 
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Two meclianisms, botli originating with the postural changes due to 
thoracoplastj^ may be responsible for the loss of function. The proper func¬ 
tioning of the muscles of respiration depend in part on the application of 
S 3 "mmetrical leverage. This is perhaps illustrated by the occasional spontaneous 
fracture of the first contralateral rib after a thoracoplasty in the course of 
which, the accessory muscles of respiration in the neck have iieen severed from 
their insertions to the ribs. When a contraction of some respiratorj^ muscles 
is no longer counterbalanced li.v an equal contralateral contraction, their action 
becomes less efficient. 



Fig-. 17.—Roentg-enograms of tlie chest of patient J. O’K. before and one year after 
a standard ten-rib thoracoplasty. The alteration of the size and shape of the contralateral 
hemithorax is illustrated. 


The scoliosis is, in part, due to the unequal pull of tlie respiratoiy muscles, 
and, in part, to relaxation and interruption of the costospinal muscle groups. 
This scoliosis maj’^ be responsible for tlie second mechanism of functional re¬ 
duction. The thoracic cage on the contralateral side becomes partly “jack¬ 
knifed.” This not only reduces the functional residual volume of the remain¬ 
ing lung, but all other components of the lung volume as well (Pig. 14). 

The maximal effort is impaired by less effective!}^ functioning respiratoiy 
muscles and the stroke volume is reduced b 3 ^ “jack-knifing” of the rib cage. 
This is illustrated bj^ the roentgenograms of Fig. 16. This patient was admitted 
with a left pjmpneumothorax. Bronchospirometiy showed no oxj'gen uptake 
and no respiratoiy excursions on that side. A two-stage, ten-rib thoraeoplast}' 
caused moderate scoliosis, a well-marked “jackknifing” of the contralateral 
thoracic cage (Fig. 11) and a loss of MBC of 30 per cent, which was not re¬ 
gained during the fii'st j-ear after operation. 

In patients with marginal pulmonaiy function, thoracoplasty should be 
approached with caution even if there is no lung or a destrojmd lung on the 
side to be collapsed. 
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CONCLUSIONS 

Tliere is no preponclcranee of evidence tlnd elivonic overdistention leads 
to true pulmonary emphysema with the histologic changes cliaracterizcd by 
disruption of the pulmonary parenchymal andiitecture. Only one of the ]>hysiO' 
logic manifestations of emphysema, an increased ratio of residual volume to 
total lung capacity (RV/TC) was present in many patients who showed marked 
overdistention. Additional characteristics of emphysema, such as reduced timed 
vital capacity percentages, elevated intrapulmonary mixing indices, low im¬ 
mobile diaphragms, decreased arterial oxygen saturation, and increased arterial 
and alveolar carbon dioxide tension were all absent in patients who had not 
shown these chanues prior to resection. The total predicted and determined 
vital capacities, together ndtli the volumes exiiired during the fii-st. fii-st two. 
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total determined and timed vital capacities in normal voliintpers 
and three ' P"«“'’’'>''«itomy without aftertreatment. The one-s«ro™ twoLecond' 

tl^wfc'ume?:^ capacfes were obtained with a modified vital capacity i^m^nt ami an 


and first three seconds of the effort are showni for thirty-five normal volunteei-s 
and patients ivith pneumonectomy without aftertreatment (Fig. IS). Patients 
with one lung showed a severe restrictive ventilatory insufficienev The stroke 
^Inme (YC) was reduced to almost one-half of the predicted for two lunss 
However, there appeared to be a slight obstructive element also Whereas nor 
mal vohmteei-s were able to exliale S3, 94, and 97 per cent of their total vital ca' 
pacity in the fii-st, fii-st two, and first three seconds of the effort patients after 
pneumonectomy exhaled only 67, 77, and 79 per cent of their total ^tal clpSh- 

in ..e pau™,, .leae ,vas good ea-ide„oo of ,.pid p„grosaiW 
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physema. It is thought probable but not certain that pulmonarj" parenchymal 
disruption will eventualy be the end result of chronic overdistention. 

Overdistention did not lead to true emphysema in young people after 
pneumonectomy within the first two and one-half years. In this respect, tlie 
study must be regarded as a preliminary report. 

From the present investigation, it can be concluded that some overdisten¬ 
tion of the remaining lung cannot be avoided if the emptj”^ hemithorax is not 
treated. It was shown that the extent of this overdistention is unpredictable 
and varies greatly from patient to patient. A prosthesis of oil, plastic sponge 
or air under slightly positive pressure obviated entirely overdistention of the 
remaining lung and mediastinal shift. Such prostheses caused no further loss 
of maximal ventilatory function. Thoracoplast}' within three months after 
resection also prevented overdistention but did cause a definite additional loss 
of maximal ventilation. Thoracoplasty performed more than six months after 
resection caused only a partial return of the opposite lung to its normal con¬ 
fines, and a’so produced a very definite and permanent further loss of pul¬ 
monary function. 

If it is accepted that overdistention is undesirable, then with prevention 
of overdistention as the only objective in mind, a clear choice of treatment fol¬ 
lowing pneumonectomy can be made from information obtained in this study. 
Pneumothorax, later folloAved by plastic sponge plombage, offers the ideal answer 
to this objective. 

However, prevention of overdistention should alwaj's be only one of many 
objectives all of which together can be summarized as the optimal well-being 
of the patient. The maintenance of a large air-filled dead space often exposed 
to tuberculous mediastinal lymph nodes and a bronchial stump with peri¬ 
bronchial and endobronchial disease should not be accepted as the procedure 
of choice without far greater experience and evaluation from the surgical view¬ 
point. Indeed, the authors stronglj^ suspect that the incidence of empjmma 
with this form of treatment is higher than with thoracoplasty or with no treat¬ 
ment. 

Furthermore, the introduction of a plastic sponge, even though a relatively 
inert foreign body, is a surgicallj’^ unattractive idea, particularl 3 ' in jmung pa¬ 
tients and in patients with tuberculosis. 

At this time, we do not wish to be interpreted as advocating- the use of these 
methods in patients in whom resection has been performed for tuberculosis ex¬ 
cept in very special circumstances. The observations made, however, can be 
transferred to the group of patients in whom resection is done for malignant 
tumors of the lung. In this group, pre-existing emphysema, marginal pul- 
monaiy function, a poor general condition, and a questionable prognosis all 
make supplementarj- thoracoplasty undesirable. These veiy conditions make 
prevention of overdistention highlj- important. Pneumothorax followed at a 
variable interval bj^ introduction of a plastic sponge prosthesis or even primaxy 
plastic sponge plombage at the time of pneumonectom.v. ma.v provide the ideal 
solution to this problem. 
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It is hoped that these data may ser%-e as a base line for further studies di¬ 
rected at the conservation of pulmonary function and its maintoimnco at an 
optimal level follov.*ing pneumonectomy. 


SCMMAKY 

Forty patients mere .studied before pneumonectomy and at meekly and 
later monthly intervals thereafter, for six months to tmo and one-half yeai-s. 

The technictues employed included standard pulmonary function studies, 
preoperative bronchospirometry. a modified method of residual volume deter¬ 
mination permitting measurement of small changes in that value and a new 
rEethod for determination of functional residual capacity and pulmonary mixing 
index for each lung separately before operation. 

Pneumonectomy imthout aftertreatment mas follomcd by a variable amount 
of overdistention. The severity of this overdistention could not be jircdicted 
before operation. 

^Maintenance of pneumothorax within the space after operation entirel.Y 
prevented overdistention. This procedure mas not accompanied by further 
reduction of maximal function. 

Conversion of pneumothorax to oleothorax caused no alteration of pul- 
monarj* volumina or function. 

Convei'siou of pneumothorax by a plastic sponge plombage prevented over¬ 
distention entirely and overdi.stention existing prior to pneumonectomy could 
be corrected by this procedure. Plombage mas not accompanied by a further 
reduction of maximal ventilatory function. 


Early thoracoplasty, six rveeks to trvo months after resection, prevented 
overdistention on deep inspiration by reduction of the vital capacity but did not 
entirely prevent overdisteution in the pulmonary midposition. This procedure 
caused a further loss of maximum breathing capacity. 

Late thoracoplasty, six months to two years after I'esection. corrected ex¬ 
isting overdistention onl.v partially and caused a further, permanent reduction 
of vital capacit.v and maximum breathing capacity. 

Pneumonectomy after unsuccessful, extensive thoracoplasty produced no 
change of pulmonarv volumina or maximal ventilatoiy function. 

Pulmonary- fimetion before and after primary pneumonectomy and primarj- 
thoracoplasty for functionless lungs mere compared. It mas shown that primarj- 
resection in these patients caused no further loss of function while the loss of 
fimetion after thoracoplasty over functionless lungs mas marked. 


Xo definite indications mere obtained that overdistention follomino- pneumo¬ 
nectomy in young patients results in true emphvsema with disruption of the 
P^monary parenchymal architecture during the firet tmo and one-half veare 
after operation. Progression of true emphysema after pneumonectomv i^ the 
older patients mas demonstrated. 


The authors are indebted to Jliics D. II. Donnellv and Miss S ^ 
technical assistance. ’ 


Smith for their 
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PULMONARY FUNCTION IN TRAUMATIC HEMOTHORAX 
TREATED BY DECORTICATION 

CoLO-Eb James H. Forsee. :siEmcAE Corps. Unitep Statf-< Army. :«ajor 
' Stephen L. Kyear, ^Iedical Corps. Army of the T niter States (By 
INVIT.^TION). .\ND ^IaJOR He A. BeaKE. ^IeDIC.VL C0RP.>, UNITED 
St.vtfs Army (By \ny\t.\t\on). 

Denver. Coeo. 

M AXY member.s of this organization have ])artioipateJ in the valnahle eon- 
tribntions relating to pulmonary decortieation in the treatment of trau¬ 
matic hemothorax.’-’^ The prineiple.s and praetiee.s evolved during the ex¬ 
perience of ^Voria AYar II are the fundamentals of its ])resent-day management. 
Recentlv, the Korean conflict has resulted in the concentration of a rclati'elA 
large number of casualties sutfeving from thoracic ii\juries at I itzsinions Army 
Hospital. Traumatic hemothorax was a concern of ma.ior significance, early 
treatment had been excellent, and one phase not previously studied was, within 
certain limitations, observed among these casualties. 1 refer s])ecifically to 
pulmonary function studies in patients treated by decortication. The num¬ 
ber of patients available in the early months of the campaign exceeded our 
facilities for functional studies, and many did not have pre- and po.stoperative 
functional evaluations. Exhaustive studies as described by Cournand ajul his 
associates. AVright, and others rvere not at the time feasible.""” Data ]>re- 
sented pertain only to certain preoperative and early po.stoperative funetional 
findings. Factual observations will he detailed, certain interpretations will be 
suggested, but conclusioirs which these data ma.v wai-rant will pi'obably best 
be made by those A\ith greater experienee in this field of pulmonary dynamic.s. 


M.VTERI-^E 


From among thirty-two casualties treated by pulmonary decortication for 
traimiatie hemothorax during the period Sept. 26.1950, to March 1.1951. nine¬ 
teen have had certain pulmonary function studies made includins external 
spirometry and bronchospirometric determinations. This presentation is lim¬ 
ited to the data obtained relative to the maximum breathing capacity noted hv 
external spirometrj- and divided fxuictional studies emphasizing oxyuen eoii- 
srunption, vital capacity, and ventilation, as observed in these nineteen pa¬ 
tients. All were young soldiers in physically good condition prior to their 
injury. Their ages varied from 18 to 31 years, and averaged 21 years. All 
were operated upon relatively early following in.iury, the time interval vary-- 
ing from thirty to ninety-seven days, and averaging sixty days. Two of the 
group had had prior open drainage for a frank empyema. In five (IS per cent) 
tl^esence of intrapnlmonarj- foreign bodies were in themselves considered 
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PULMONARY FUNCTION IN TKAUJIATIC UUMOTIIORAX 
TREATED BY DECORTICATION 


Colonel James H. Forsee, JIedical Cores, United States Army, :\Ia.ior 
Stephen L. ICylar, jMedical Corps, Army of the United Statks (By 
invitation), and IMajor Hu A. Blake, JIedical Corps, United 
Statf^ Army (By invitation). 

Denyer, Colo. 


M any members of this organization have parlieipalccl in the valuable con¬ 
tributions relating to pulmonary decortieation in the treatment oi trau¬ 
matic hemothorax.'"’^ The princiiiles and practices evolved during the ex¬ 
perience of World AYar II are the fundamental.s of its present-day management. 
Recently, the Korean conflict has resulted in the concentration of a relatively 
large number of casualties suft'ering from thoracic injuries at Fitzsimons Ai'iny 
Hospital. Traumatic hemothorax Avas a concern of major significance, early 
treatment had been excellent, and one phase not previously studied Avas. Avithin 
certain limitations, observed among these casualties. I refer siiecifically to 
pulmonary function studies in patients treated by decortication. The num¬ 
ber of patients available in the early months of the campaign exceeded our 
facilities for functional studies, and many did not have ])re- and postoperative 
functional evaluations. Exhaustive stAidies as described by Cournand and his 
associates, AVright, and others Avere not at the time feasible.’'"” Data pre¬ 
sented pertain only to certain preoperative and early postoperative functional 
findings. Factual obsei-A-ations Avill be detailed, certain interpretations Avill be 
sAAggested, but conchisions Avhieh these data may Avarrant Avill probably best 
be made by those Avith greater experience in this field of pulmonary dynamics. 


AlATERIAL 

From among thirty-tAvo casualties treated by pulmonary decortication for 
traAAmatic hemothorax during the period Sept. 26,1950, to March I, 1951, nine¬ 
teen have had certain pulmonary function studies made including external 
spirometA-y and bronehospirometric determinations. This presentation is lim¬ 
ited to the data obtained relative to the maximum breathing capacity noted Iia' 
external spirometry and divided functional studies emphasizing oxygen con¬ 
sumption, Antal capacity, and ventilation, as observed in these nineteen pa¬ 
tients. All Avere young soldiers in ph 3 ’-sically good condition prior to their 
injnrjn Their ages varied from 18 to 31 years, and averaged 21 years. All 
were operated upon relatively early folloAving injury, the time interval varA-- 
ing from thirty to ninety-seven days, and averaging sixty daj's. Tavo of the 
group had had prior open drainage for a frank enipj^ema. In five (18 per centl 
the presence of intrapulmonary foreign bodies Avere in themselves considered 
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as waiTanting thoracotomy for their removal. Streptokinase and strepto- 
dornase were employed in several instances with favorable response in lique¬ 
fying the intrapleural material. Bronchoscopy Avas normal in all instances, 
and no cAudence of prior chronic pxilmonary disease Avas ohseiwed. The func¬ 
tional studies Avere made from tAventy-one to one hundred forty days post- 
operatiA'ely; the aAmrage for the group being sixty-one days. All Avere 
Avounded in Korea, and all hut one have returned to military duty. 


CLINICAL CONSIDERATIONS 


Probably the majoritj'’ of patients suffering from the effects of traumatic 
hemothorax induced by the missiles of Avar present fcAv problems in deter¬ 
mining indications for decortication. In others the indications may be less 
definite. Our observations and militaiy expedienc.y influenced us to approach 
this problem Avith an appreciation that decisiAm action as to Avhether or not 
decortication should he recommended Aims necessary. Along Avith others avc 
haAm repeatedly noted that decortication may be effectiAmly accomplished 
months or CAmn years after the initial injuiy. It Avas believed that the best 
functional results Avould be obtained if decortication Avas presently accom¬ 
plished in this group of casualties, rather than to defer the decision for later 
evaluation. It is probable that certain of the patients in this series Avould have 
continued to carry on normal actiAuties Avithout any appreciable interference 
of pulmonary function had surgery not been performed. In several instances 
the functional disturbances Avere not marked, the adaptive functions of the 
body had made a favorable adjustment as far as clinical observations could 
ascertain, and Avhatever small or moderate improvement Avhich might result 
from surgical intei'Amiition Avould in such instances not be impressive. Hoav- 
eAmr, Ave knoAv of no reliable means by Avhich the deAmlopment of moderate 
or severe chronic pulmonary insufficiency may be forecast in these indiAuduals. 

Pulmonary function studies were undertaken as a probable aid in assess¬ 
ing factors influencing the indications for or against surgical intervention. 
These data Avere often unpredictable. Careful flnoroscopic CAmluation of the 
motion of the lung and diaphragm AAms carried out in all patients pre- and post- 
operathmly. 


Case 1.—A Filipino, aged 20 years, was wounded Nov. 1, 1950, in the left tliigli. He 
wiis behind enemy lines and remained liidden in tlie hills until captured ten daj’s later. After 
being held captive overniglit, he was instructed to walk toward a ditch. Upon reacliing the 
ditch, he was shot by enemy rifle fire in the left chest. Tlie patient remained in the ditch until 
nightfall, apparently being left as dead by the enemy. After dark he emerged from the ditch 
and hid in uninhabited houses until he was discovered two days later by American forces. 
Thoracentesis of the left pleural space was carried out on four different occasions with un¬ 
known amounts of bloody fluid being removed. He was admitted to Fit2simons Hospital on 
Dec. 18, 1950. Approximately four-fifths of the left lung field was opaque on roentgeno- 
grapbic examination. The left diaphragm was immobile, there nas no foreign body present, 
and on December 27 pulmonary decortication removing a visceral and parietal peel varj-ing 
from 0.5 to 1 cm. in thickness was accomplished. His maximum breathing capacity pre- 
oneratively was 20 liters. Eiglity-four days postoperativcly it was recorded as Of liters. 
Bronchospirometric determinations relative to the left lung ®o.xjgen consumption of 
20 per cent prior to operation and 29 per cent postoperativcly. A ital capacity increased from 
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13 per cent to 27 per cent, and ventilation ?liOTve<l 20 iier cent increase. His diaplirapm 
moved 'veil follo'ving operation (Fi^s. 1 to 3). 

Case 2._^This patient, aged 20 vears. was wounded in the left chest on Aug. 20. 1950. 

Heraoptvsis w.as moderate. Three thoracentesis with removal of SOO c.c. of Woody fluid 'vas 
accomplished prior to admission to Fitzsimons Hospital on PeptemlK-r 26. Repeated 


1-—(Case 1) Traumatic hemothorax, left, seven weeks after initial injurj-. 

-■—(Case 1) Traumatic hemcthorax. left, three weeks followinc decortication 
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Ei5. 3. (Case 1 ) Bronchospirometric findings. 
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thoracentesis failed to accomplish re-cxpansioii of the lung, and on October 23 pulmonary 
decortication was performed with the removal of two foreign bodies from the left lung. 
Maximum breathing capacity, preoperatively, was 68 liters, and seventy-seven days postopera- 
tively it was recorded as 114 liters. Bronchospirometric determination relative to the left 
lung showed a gain of 9 per cent in oxygen consumption, a 7 per cent decrease in vital 
capacity and 3 per cent increase in ventilation on the seventj’-seventh day postoperatively 
(Figs.,4 and o). 

Case 3.—Aged 18, wounded September 2 in the right chest, the missile traversing the 
right lung, lodging in the left lung. Repeated thoracentesis with removal of unknown 
amounts of bloody- fluid on the right was accomplished prior to admission to Fitzsimons 
Hospital September 24. The bilateral nature of injury with a known hemothorax on the 
right and two foreign bodies on the left presented a problem of evaluation as to surgical 
intervention. The right diaphragm was immobile and the left diaphragm moved sluggishly. 
Maximum breathing capacity jireoperatively was 37 liters. Decortication of the left lung and 



Fig-. 4. Fig. 5. 

Fig. 4.— (Case 2) Traumatic lieinotiiorax, left, ten weeks after initial injury. Intra- 
pulmonary foreign bodies, left. 

Fig. 5.— (Case 2) Twelve weeks after decortication and removal of foreign bodies. 

removal of foreig-n bodies were accomplished forty-seven days after injury-, and twenty-eight 
days postoperatively functional studies revealed the following: maximum breathing capacity 
72 liters, an increase of 35 liters over the preoperative determination. O.xygen consumption 
on the left was within normal limits preoperatively and decreased from 50 per cent to 47 
per cent after operation. Vital capacity- was 37 per cent prior to operation and increased 
10 per cent after operation. Ventilation was 50 per cent preoperatively and decreased G 
per cent postoperatively. 

Phy-siopathologic considerations re.sulting from a traumatic hemothorax due to the 
missiles of war have been thoroughly discussed elsewhere.^. ° Simply stated as a work- 
in" concept, it is our understanding that the pulmonary volume is reduced, and the 
encased or imprisoned lung is limited in participation in the act of breathing. The lung 
takes up less o.xygen than it should, the pulmonary artery sy-stem re.sponds by diminishing 
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the blood flotv through the lung attempting to prevent hypoxia, and a nonexpansilo ••pool 
or membrane is formed .v a result of the organization of blood ami fluid in the plcunvl space. 
The degree to which these factors operate is variable, but is generally conceded to be pro¬ 
gressive. The removal of the plombage of organizetl I>lood and exudate and the nonex- 
pansile membrane should, it is believed, offer the l>est opportunity for re-expansion of the lung 
and return to as nearly as possible normal function. We have not been impressed by the 
problems or the results obtained as whether or not the parietal peel is remove-l. The parietal 
portion of the peel is generally removed but in several instances this peel has appeared to be 
of no particular significance and no special effort has l>eea made to accomplish its removal. 
The time required for the maximum return of the function of the previously encased lung 
was not ascertained in our study. It would be an intere.sting observation to be able to carry 
out further functional studies on these or similar patients at intervals of .several months or 
years. It is hoped that this may, in certain instances, be aeeomplished. 

M.yXlMUM BRE.\TH1X0 CATACITY 

Maximum breathing capaeitv is considered to be a most effective measure¬ 
ment of the belloiv action of tlie clie.st, a reasonably accurate measurement of 
tbe patient's potential response to exertional stress, and a preferable method 
of evaluating respiratoty reserve. Maximum breathing capacity measures 
tbe maximum amount of air moved in and ont of tbe lungs ]ier unit of time. 
In the sixteen patients in mhoin this observation ivas made by external 
spirometry, ten showed an increase postoperatively averaging 21 liters, while 
five showed a decrease averaging 15 liters and in one patient there was no 
change. The most striking changes were in Cases 1 and 2. The data on all 
patients are listed in Table I. 


Tablt I. Maximum Breathing CArAcixy 


SIDE 

INJIT.ED 


L 

R 75 

L 70 

tl 79.2 

K SO.S 

L SS.4 

L (operated) 37 

(bilateral injury) 

L ■ 117.6 

L 20 

L 91.4 

L 87.4 

S3.6 

L 6S.2 

76 

K 66 

L 67.2 



! 1 

rET.CENTAOE 

; rmCENTAGE 


! 

lXCnE.\SE 

! I>ECr.E-\,SE 

PKEOPERATI\X 

1 POSTOPEr.ATIVE 1 

CHANGE 

i CHANGE 


SO 

70 

70.4 

53.6 

67.6 


92 

64 

96 

Sn.6 

72 

114.4 

96.5 
76 

71.6 


44 

5 


46 

21 

10 

4 


21 


26 


12 


BR0XCH05PIR0JIETKY 
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method. Gas samples were not analyzed for I ! 

sanations pre-and postoperatively were appreciable. These^'^Latr^arrilb! 
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trated in Tables II, III, and IV. The most marked increases in these factors 
were noted in two patients in whom the maximum breathing capacity de¬ 
creased 9 liters in one, and increased 4 liters in the other, as illustrated in the 
following case report. 


Table II. Bronchospirometric Determination' 
(Ventilation Percentages) 


SIDE 1 

INJURED 1 

preoperative I 

POSTOPERATIVE j 

PERCENTAGE 
INCREASE j 

CHANGE i 

PERCENTAGE 

DECREASE 

CHANGE 

L 

48.4 

43 


5 

L 

43 

02 

19 


E 

44 

50 

6 


E 

49.4 

52 

3 


L 

50 

52.5 

3 


L 

50 

43.6 


0 

L 

40 

41.7 

2 


L 

37 

54.5 

IS 


L 

25 

45 

20 


E 

40.5 

56 

10 


L 

36.3 

48 

12 


L 

44 

39 

5 


E 

48.9 

52.3 

3 


L 

39.0 

42.9 

3 


L 

22 

25 

3 


E 

40 

48 

S 


E 

58 

76 

18 


L 

29 

40 

11 



Table III. Bronchospirometric Determination 
(Oxygen Consumption Percentages) 


SIDE 

INJURED 

PREOPERATIVE 

POSTOPERATIVE 

1 percentage 

INCREASE 

CHANGE 

1 PERCENTAGE 

1 DECREASE 

CHANGE 

L 

37.5 

58.4 

21 


E 

68.8 

50 


19 

L 

47 

40 


7 

E 

50 

72.3 

22 


E 

41 

51 

10 


L 

61 

46.8 


14 

L (operated) 50 

(bilateral injury) 

47 

16 

3 

L 

34 

50 


L 

30 

32 

2 


L 

20 

29 

9 


E 

37.5 

53 

16 


L 

24 

46 

22 


L 

23 

44 

21 


E 

38 

60 

22 


L 

23 

32.6 

. 10 


L 

25 

45 

20 


E 

40 

54.6 

15 


E 

42.8 

40 

25 

3 

L 

20 

45.4 



Case 4. —This patient, aged 18 years, iras wounded in tlie riglit cliest by a Iiand grenade 
Sept. 13, 1950, and was admitted to Fitzsimons Hospit.al on October 1. A metallic foreign 
body was present in the riglit lower lung field and the right diaphragm was moderately elevated 
and immobile. Decortication with removal of the foreign body was accomplished Oct. 15 
1050 The “peel” was most adherent and thickest, ns is the usual situation, over the dia- 
piiragm laterally and posteriorly. The maximum breathing capacity preoperatively was 790 
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to aamission to Fitzsimons Hospital on October 2. Two fore.pi 



Fig. 6. 


Fig. 7. 


6.—(Case 4) Travinialic hemothorax, rieht, tour weeks after initial Snjur>'. 
^-jg, —(Case Ai Traumatic hemothorax, right, twelve weeks after iiecortication. 
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Table IV. Bronciiospirojietric Deterjiia’ation 
(Vital Capacity Percextages) 


SIDE 

INJURED 1 

PREOPERATIVE 

POSTOPERATIVE | 

PERCENTAGE | 

INCREASE 
CHANGE 1 

PERCENTAGE 

decrease 

CHANGE 

L 

31 

37.5 

7 


E 

GO 

52 


8 

E ■ 

46 

58 

12 


E 

45 

45 

0 


L 

58 

56 


2 

L 

37 

46.8 

10 


L 

28 

28 

0 


L 

23 

30 

7 


L 

13 

37 

24 


E 

36.4 

53 

17 


L 

43.3 

30 


13 

E 

41 

53 

12 


L 

26.5 

20 


7 

L 

20 

25 

5 


E 

35.2 

37.5 

2 


E 

74.5 

80 

6 


L 

17 

31.2 

14 



left lung, and the left diaphragm was elevated and fi.xed. Decortication and removal of one 
foreign body in the left lung was accomplished on Nov. 3, 1950. Bronchoscopy was negative. 
Pulmonary function determination thirty-four days postoperatively revealed an increase of 
four liters in the maximum breathing capacity. On the operated side the o.vygen consumption 
in-reased 34 per cent, vital capacity 14 per cent, and ventilation 11 per cent (Pig. 8). 

The eorrelatioii of the factors of oxygen, vital capacity, and ventilation 
pre- and postoperative is not attempted, but it is interesting to note that only 
two patients showed a decrease in ventilation postoperativelj’' on the injured 
side, and this was slight (5 per cent and 6 per cent). This may be partially 
due to the fact that these patients had apparently normal lungs before in¬ 
jury, their youth, and that the lung was encased for a relatively short period. 
Re-expansion permits but it does not necessarily folloxv that ventilation will 
be increased, and the over-all percentage increase of the sixteen patients was 
only 9 per cent (Table II). Vital capacity increase averaging 11 per cent 
occurred on the operated side in eleven patients, while four showed a decrease 
of 8 per cent, and in two there was no change (Table IV). This maj^ be due 
to the relatively early period after operation that the determinations were 
made, and further increase maj^ develop later. Physiotherapy was a constant 
adjunct in therapy. The increase in oxygen consumption on the operated 
side averaged 17 per cent in fourteen patients, and a decrease aA'eraging 9 
per cent occurred in five patients (Table III). 

SUJIJIAKY 

This presentation reports the findings pi'e- and postoperatively of certain 
pulmonarj’- function tests in 19 unseleeted patients suffering from hemothorax 
due to war injuries and treated by pulmonary decortication. These determina¬ 
tions were made early following operation, averaging sixty days, and studies 
made after a longer postoperative interval might alter these findings. These 
observations indicate that the most uniform finding is an improvement in the 
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percentage of ventilation on the opevatea sulc, that oxygen consumption, vUal 
capacity, and maximum hreathing capacity show a trend toward vestoi atiou 
of normal function on the injured side, and finally that m nidivulual instances 
the findings are often unpredictable. 
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LATE CHANGES TN TENTILATORY FUN'CTION FOLLOWING 
THORACOPLASTY 

Sajiuel R. Pow-eks, Jk., :M.D. (by in-station-), and Aaron Himmeusteix. ^I.H. 

New York. N. Y. 

S EVERAL patients have been observed in our foliow-tip clinic with excellent 
therapeutic results after thoraeoplasty, but complaining of increasing re¬ 
spiratory distress. They all demonstrated evidence of a rotoseoliosis fre¬ 
quently with promiiieuc'e of the seventh cer\-ieal transvei-se process. Since 
scoliosis usually is a progressive deformity, the present study was undertaken 
to determuie the changes in ventilatory function which occurred, and to at¬ 
tempt to analyze some of the factors which led to these changes. 

Coui-nand'- - and his co-workers made a detailed study of the early 
changes in pulmonaiw function following thoracoplasty. They concluded that 
the reduction in maxinuun breathing capacity following a standard seven rib 
procedure as a rule was not greater than 15 per cent. Furthermore, they 
observed that when scoliosis developed, the maximum breathing capacity was 
further reduced. This resulted in an increased tendency to dyspnea on mild 
exercise. 3Iore recently Gaensler and Strieder® have published data indicating 
that the reduction in maximum breathing capacity six months after thoraco¬ 
plasty was greater (about 35 per cent) in patients in whom the limg. to be 
collapsed later, contributed 40 per cent or more of the oxygen intake. No 
mention is made of the number of ribs resected. 

The subjects for this investigation were a group of twenty-four patients 
who had imdergone a thoracoplasty three to twenty-seven yeai-s before: eight 
had been studied preoperatively. The only criterion of selection was that 
sputum had become negative following operation and had remained so up to 
the time of study. 

NIETHODS 


The data were obtained on an outpatient basis on individuals who had 
been asked to omit breakfast and had been aUowed to rest for about thirtv 
minutes before the studies were begun. Yital capacity and maximum breath- 
mg capacity were measured on a Benedict-Roth spirometer u-ith ventilometer 
attachment. Predicted values were calculated from the formulas of Bald¬ 
win. Cournand, and Richards.^ A study of serial roentgenograms on each pa¬ 
tient was also made, with particular attention to the presence and develop¬ 
ment of scoliosis, the length of the anterior segments of the second third 
and fo urth ribs removed, and the excision of the transverse processes 
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RESULTS 

In the tables the cases have been grouped according to the number of 
ribs resected. Table I shows the results in those patients with preoperative 
and follow-up studies; Table II, the last postoperative result in each case. It 
will be seen that frequently the number of ribs resected was not the predom¬ 
inant factor in determining the functional result, and also the individuals’ 
preoperative ventilatory function determined, to a large extent, the post¬ 
operative result. Of the twenty-four cases studied, eleven had at least a mod¬ 
erate degree of scoliosis. The maximum breathing capacity in this group av- 
ei’aged 46 per cent of jiredicted. In two patients studied pre- and post- 
operatively who developed scoliosis, the change in maximum breathing capac¬ 
ity was over 30 per cent. It also can be seen from the tables that the presence 
of scoliosis was invariably accomiianied by a significant loss in ventilatory 
function. In addition, the removal of the first rib along with long an¬ 
terior segments of the second, third, and fourth ribs and the transverse proc¬ 
esses was usually associated with the appearance of the deformity. In those 
eases where one of these structures Avas left in place, the preservation of long 
anterior segments seemed most important in limiting the deformity. Although 
there were some patients Avithout scoliosis in Avhom the functional result Avas 
poor, every ease Aidth good A'entilatory function had a straight spinal column. 
It may be noted that Avhen scoliosis did not develop there Avas slight improve¬ 
ment in late studies Avhen compared to early postoperative figures. 

The tables reveal a moderately high incidence of diminished Amiitilatory 
function. It is probable that the group AAuth preoperative studies Avere fre¬ 
quently those in Avhom a diminished function AAms suspected, and hence this 
group is not a representathm sample of patients undei-going thoracoplasty. 
It should be noted that the remainder of the patients in AAdiom scoliosis is not 
present haAm figures AA^hich do not dilifer significantly from the predicted. 

DISCUSSION 

It has been pointed out that Avith the occurrence of scoliosis there is a 
considerable loss in function. This fact has been preAnously reported both in 
simple thoracoplasty^’ ^ and in thoracoplasty combined Avith pneumonec¬ 
tomy.®’ “ Gournand and Berry® haA’e reported a case after pneumoneetomj^ 
(W. J.) in AAdiom a progressiAm loss in ventilatory function due to OA’ei’- 
distention Avas temporarity corrected by a thoracoplasty, but folloAving the 
appearance of a severe, progressiA’^e scoliosis, much of the improvement Avas 
lost. 

In most cases Avhere long anterior segments of the second, third, and 
fourth ribs Avere removed, along Avith the transverse processes, a scoliosis of 
more than moderate degree resulted. Occasionally this Avas progressiA’e oA’er 
an extended period (Fig. 1). The occurrence of such a deformity when these 
structures Avere left in place Avas rare. Since there are many other factors ' 
Avhich determine the functional result, the absence of a scoliosis does not in¬ 
sure good function. However, in every case Avhere a significant degree of 
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scoliosis did occur, the result from a functional standpoint was poor. A pos¬ 
sible explanation for the deformit 3 '^ maj’^ he found considering the muscular 
support of the thorax. There are four groups of muscles which act in op¬ 
position on the two hemithoraees; the jiaraspinals, the scalenes, the pectoralis 
minor, and the serratus. The complete removal of the first and second rib 
detaches the scalenes: the excision of the transverse iirocesses, the para- 
spinals; and the removal of the long anterior segments of the second, third, 
and fourth ribs, the pectoralis minor. In freeing the scapula, the upper digita- 
tions of the serratus are often likewise divided. The muscles of the opposite 
side are now unopposed, and hence may undergo contracture with a resulting 
rotoscoliosis. It has been shown that if some of the above-mentioned struc¬ 
tures are left in iilace, the deformity is much less severe. It appears that the 
most important structure in stabilizing the thorax is the long anterior i-ib 
segments. We have observed patients in whom all these structures were re¬ 
moved without scoliosis developing. Some of the factors which would tend 
to limit the appearance of deformity under these eireumstances are; the pres¬ 
ence of an emp 3 "ema with resulting fibrosis of the pleura and fixation of the 
thoracic cage, the presence of a relativelj’’ long time interval between stages 
with reossification of the ribs, and finallj’- the use of adequate phj’'sical therapy. 
The catching of the tip of the scapula beneath a lower rib has frequentlj'^ been 
associated with severe and progressive scoliosis. 

This report is not intended as a criticism of the over-all excellent results 
of thoracoplasty, but rather as a study of one of its complications. In some 
eases a radical procedure with its anticipated deformity and poor functional 
result may be the price of an adequate therapeutic result. Since, however, the 
majorit}^ of tuberculous lesions occur in the posterior and apical segments of 
the lung, it maj^ seem advisable to do a less radical anterior thoracoplasty in 
these cases. The introduction of improved roentgenogram methods, such as 
lateral tomography, may, by more accurate localization of the lesions, permit 
a more limited operation which will still produce an adequate therapeutic re¬ 
sult. In these lesions where their location requires the removal of long an¬ 
terior segments to obtain an adequate collapse, it is possible that a better func¬ 
tional result could be obtained by combining pulmonary resection with a less 
radical thoracoplasty. 

SUMMARY 

3. Evidence is pi'csented to show that the dei^elopmeiit of scoliosis after 
thoracoplasty resulted in a marked decrease in ventilatory function. 

2. Some of the features which contribute to the development of scoliosis 
are discussed. 

We wish to express our thanks to Dr. Andre Cournand for liis helpful suggestions. 
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LUNG FUNCTION STUDIES IN POUDRAGE TREATMENT OF 
RECURRENT SPONTANEOUS PNEUMOTHORAX 

Lt. Colonel John S. Paul, Medical Corps, United States Army (by 
invitation), E. J. Beattie, Jr., M.D., and Brlvn Blades, M.D. 
Washington, D. C. 


I T IS now generally reeognized that recurrent spontaneous pneumothorax of 
nontnberciilous origin is best handled surgical^'. Several forms of treatment 
are available, but exploratory thoraeotomy, resection of the pulmonary cysts, 
blebs, or bullae, with or without additional talcum powder poudrage to induce 
pleuritis, seems to be the preferred metliod of treatment. The use of talc to 
induce pleural sjmiph)-sis has been criticized because of its supposed damage to 
lung function, and the purpose of this paper is to report on lung function 
studies in recurrent spontaneous pneumothorax treated b}^ this method. 

In the past a variety of irritating substances have been placed in the pleural 
cavity to cause pleuritis of sufficient degree to obliterate the jileui’a! space. These 
substances have been inserted by needle, thoracoscope, or open thoracotomy. For 
example, Spengler, in 1906, utilized silver nitrate and later a solution of dex¬ 
trose. Apostolides first used Guaicol and later suggested iodoform. Chandler 
preferred Gomerol. Iodized oil was introduced by Hennell and Steinberg, and 
iodized talc by Bethunc and Medici. 

The introduction of techniques of bronchospirometiy made possible the 
study of individual lung function. The oxygen consumption and the ventilation 
of the individual lungs v'ere found to be measurements of prime impox'tanee. 
The right lung being normalH larger than the left utilizes from 52 to 56 per cent 
of the total oxygen consumed and does approximate^ the same pi’oportion of 
the total ventilation. Pinner and his associates used bronchospirometric tech¬ 
niques in a series of patients and analyzed those cases in whicli a lung used less 
than 25 per cent of the total oxygen consumption. These authors found that 
most of their patients ivith markedly decreased lung function had pleural rather 
than parenchymal lesions. They stated, “Many lungs with active parench 3 ^mal 
lesions without pleural involvement show relatively little functional damage even 
if parenchymal lesions are extensive. It is of great practical importance that 
pleural involvement which cannot always be diagnosed by roentgenologic exam¬ 
ination maj^ lead to more serious functional damage than do much more obvious 
parenchj-mal lesions.” Likewise, the statement has been made that pulmonary 
functional capacity is decreased in direct proportion to the severity of pleural 
sjmrphysis, and that the production of a chemically induced severe pleuritis is 
inadvisable. Croxatto and Sarapietro in a recent publication stated that mini¬ 
mal trauma to the pleura produced adhesions comparable in consistency to those 
produced by the instillation of irritating substances and supported their findings 
bj' pathologic sections. 
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There have heeu thirty cases of recurrent spontaneous pneumothorax treated 
hv exploratory thoracotomy and talc poudrage during the period 1943 to 19o0 
at Walter Heed Army Hospital and George Washington University Hospital. 
The ereat majority of these patients were in the military service at the time 
of the operation and all went back to military duty following operation. Long 
follow-ups have not been possible in all of these eases, but to our knowledge 
there have been no recurrences. Several of the patients nere pilots and all 
returned to tl>-ing status after going back to duty. Four patients were chosen 
as representative of the group and underwent lung function studies before and 
after operation. Three of tliese had suffered rejieated left-sided spontaneons 
pneumothoraees, and one had had several episodes of spontaneous pneumothorax 
on both the right and left side. Five operations were clone on the four patients, 
and in all but one it was possible to excise the lesion sn.spectcd of being respon¬ 
sible for the production of the pneumothorax. This corresponds well with a re¬ 
port by Brewer, DoUey, and Evans in which the lesion was found in fourteen of 
fifteen of their own eases. These authors further reported that in a review 
of the literature the lesion was found in eighty-seven of ninety-five cases treated 
hr thoracoscopy or thoracotomy. This would appear to indicate the advisability 
of exploration in these patients. 

Prior to operation each of the.se patients was instructed in and became thor¬ 
oughly familiar wnth Specific Remedial Breathing Exercise. The inpjortanee of 
these breathing exercises was empha.sized to the utmost, and their active prac¬ 
tice was begun early in the postoperative period. Beginning on the third post¬ 
operative day the patient reported to the Physical 3Iedicine Clinic where a 
trained therapist guided them through exercise periods. The authors attribute 
much of the rapid complete return of good Ivmg function to the diligent applica¬ 
tion of these exercises. 

CASE REPORTS 

Case 1 .— This patient nas a 2o-vear-olri white man .lamitted to AValter Reed Armv 
Hospital following three prored episodes of left spontaneous pneumotliora.v oner a two and 
one-half year period, A left exploratory thoracolomr revealed a small area of sulipleural blebs 
at the apes of the left npper lobe which w.as excised. Tlie left upper lobe was lio-iitU- 
powdered with sterile talc, and the chest closed with one posterior drain. ^ 
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Pulmonary Function Data .— (See Table I.) Broncbospiromelry before the operation 
showed that the right lung had a vital capacity of 1,950 c.c. (5f* per cent of the total vital 
capacity), a minute ventilation of 0.2 liters per minute (GO per cent of the total minute ven¬ 
tilation), and an oxygen consumption of 55 per cent. The left lung had a vital capacity of 
1,420 c.c. (42 per cent of the total vital capacity), a minute ventilation of 4.8 liters per minute 
(34 per cent of the total minute ventilation), and an o.xygen consumption of 45 per cent. 

Spii'ometry data obtained two months after the operation showed that tlie vital capacity 
had decreased from 3,140 c.c. to 3,100 c.c., or SO per cent of normal. The minute ventilation 
and oxygen consumption were both increased. Bronchosjiirometry two months after operation 
showed that the right lung" had a vital capacity of 1,950 c.c. (60 per cent of the total vital 
capacity), a minute ventilation of 11..3 liters per minute (72 per cent of the total minute 
ventilation), and an oxygen consumption of 50 per cent. The left lung was found to have a 
vital capacity of 1,325 c.c. (40 per cent of the total vital capacity), a minute ventilation of 
4.4 liters per minute (28 per cent of the total minute ventilation), and an oxygen consumption 
of 50 per cent. These data show that the vital capacity fell from 3,140 c.c. before operation 
to 3,100 c.c. following operation. The relative vital capacities of the two lungs were un¬ 
changed by the operation. The relative minute ventilation of the left lung fell slightly after 
the operation from 34 per cent to 28 per cent. The per cent oxygen consumption of the two 
lungs was only slightly changed by the operation. 

Case 2.—The patient was a 23-year-old white man admitted to Walter Reed Army 
Hospital with a proved history of three left spontaneous pneumothoraces and five right spon¬ 
taneous pneumothoraces over a period slightly in excess of six months. Left thoracotomy 
rev'ealed subpleural blebs at th.e apex of the left upper lobe. After excision light poudrage 
was accomplished, and the chest closed with one drain. Two months later a right thoracotomy 
revealed blebs at the apex of the right upper lobe. These were also excised, the lung 
poudraged, and the chest closed with one drain. 
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Pulmonary Function Data.— (See Table II.) The pulmonary function data are sum¬ 
marized in Table II. Before operation the vital capacity was 3,450 c.c. The minute ventilation 
was 8 liters per minute. Bronchospirometry showed that the right lung- had a vital capacity 
of 2 200 c.c. (G7 per cent of the total vital capacity), a minute ventilation of 5.2 liters 
per minute (05 per cent of the total minute ventilation), and an o.xygen consumption of 
59 per cent. The left lung had a vital capacity of 1,100 c.c. (33 per cent of the total vital 
capacity), a minute ventilation of 2.8 liters per minute (35 per cent of the total minute 
ventilation), and an oxygen consumption of 41 per cent. 
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Approvimatelv two loontl.s after tbe kft-sWed operation, broneUospirometry 
perfo;nS At tiu's time the right lung had a vital capacity of 2,100 c.c ho per cent of 
total "dtal capacitv). a minute ventilation of 11.5 liter, per nunnte {,2 per cent of Im 
total minute ventilation), and an oxygen consumption of 05 per cent The left '""S 
vital capacitv of 1,150 c.c. (35 per cent of the total vital capacity), a nunute venttlattou 
of U5 liters'per n.inute (2S per cent of the total minute ventilation), and an 
sumption of 37 per cent. The data before and after the operatton on the left stde shooed 
that the vital capacitv on the two sides was unaffected by the pondrage procedure Tim 
relative minute ventilation and the per cent oxygen consumption of the left stde were shghtlv 
decreased, 

Spirometrv after the operation on the right side revealed a vital capacity of o liters 
(this mas ST per cent of the value i.efore the first operation). Tl.e minute ventilation was 
eo liters per minute. Bronehospirometry after tiie operation on the viglit side showed tliat 
the Tight lung had a vital capacity of 1,750 c.c. (00 per cent of the total vital e.apacity), 
a minute ventilation of 20 liters per minute (7C per cent of the total minute ventilation), 
and an o.xygen consumption of 20‘per cent. The left side had a vital capacity of 1,200 c.c. 
(10 per cent of the total vital capacity), a minute ventilation of 0 liters per minute (21 per 
cent of the total minute ventilation), and an oxygen consumption of 71 per cent. 


From the data cited, it is apparent that pondrage on the left had relatively little affect 
upon the vital capacity. There was slight decrease in the minute ventilntion on the left 
and a slight decrease in the per cent oxygen consumption on the left. 

Four and one-half months after the left-sided operation, which was two and one-half 
months after the right-sided operation, the vital capacity was still f-T per cent of the value 
found before the first operation. The right and left lung vital capacities were not significantly 
changed by either pondrage. The minute ventilation of the right lung had jncre.nsed from 
O'o per cent to 76 per cent of the total minute ventilation, whereas the per cent oxygen con¬ 
sumption of the right lung had risen from 59 per cent before the first oper.ation to 63 per 
cent after the first operation, but then had fallen to 29 per cent after the second operation. 


C-tSE 3.—The patient was a 21-year-old white man who had liad three episodes of left 
spontaneous pneumothorax within three mouths. Left exploratory thoracotomy revealed tiny, 
subpleural blebs covering the entire lung surface. Xo le-.ikage was apparent at operation, and 
no excision was carried out. The entire left lung was lightly powdered and the chest closed 
with drainage. 
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Batmonury Function Duta.-(See Table III). Before operation this patient’s vit„i 
capacity was 2,-00 cubic centimeters. Bronehospiroraetrr- revealed that the vital capacitv 
of the right lung was l,42o c.e. (66 per cent of the total vital capacitvl Hip ^ i-i ‘ 

tion was Lo liters per minute (71 per cent of the tot.al minute veStL^ " 

consumption was So per cent. The vital capacity of the left lung was 750 e.l (.£ pe/^Tt 
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of tlie total vital capacity), the minute ventilation was l.S liters per minute (29 per cent 
of the total minute ventilation), and the oxygen consumption was 15 per cent. 

Spirometry approximately four months .after the operation on the left side showed that 
tlie vital capacity was 2,350 c.c., and the minute ventilation was 16.7 liters per minute. 
Bronchospiroinetry nearly three months after the operation showed that the right lung had 
a vital capacity of 1,150 c.c. (58 per cent of the total vital capacity), the minute ventilation 
was 8.4 liters per minute (65 per cent of the total minute ventilation), and the oxj'gen con¬ 
sumption was 50 per cent. The left lung had a vital capacit)' of 850 c.c. (42 per cent of the 
total vital capacity), a minute ventilation of 4.6 liters per minute (35 per cent of the total 
minute ventilation), and an oxygen consumption of 44 per cent. 

The left poudrage had little effect upon the total vital capacity but tended to increase 
the vital capacity of the left side. The minute ventilations of the two sides were not sig- 
ni6cantly changed, but agnin the loft side showed a relative increase. However, the per cent 
oxygen consumption of the left side .showed a distinct increase from 15 per cent before the 
operation to 44 per cent after the operation. 

Case 4.—The patient was a 20-year-old white man who suffered a right spontaneous pneu¬ 
mothorax one and one-half years prior to admission without recurrence. During that period 
three left spontaneous pneumothoraces occurred. At left thoracotomy apical subpleural blebs 
were seen and excised. The left upper lobe was lightly powdered and the chest was closed 
with drainage. 


Table IV. 



1 BEFORE operation j 

1 TWO MONTHS AFTER OPERATION 

BOTH 1 

BUNGS 1 

RIGHT 

LUNG 

LEFrr 

LUNG 

BOTH 1 

LUNGS j 

RIGHT 

LUNG 

left 

LUNG 

Complemental air 


1150 

1000 

1585 

1280 

935 

Tidal volume 


400 

100 

1325 

340 

245 

Supplemental air 


250 

0 

1400 

480 

245 

Vital capacity 

4400 

1800 

1100 

4290 

2100 

1325 



62% 

38% 


61% 

39% 

Eespiratory rate 


28 

28 

17 

26 

26 

Minute ventilation 


8.5 L. 

1.4 L. 

18.8 L. 

6L. 

3 X/. 



86% 

14% 


67% 

33% 

Oxygen consumption (c.c. 


365 

135 

360 

350 

130 

per minute) 







% oxygen consumption 


73% 

27% 


73% 

27% 


Pulmonary Fimation Data .— (See Table IV.) This patient’s vital capacity before oper¬ 
ation was 4,400 c.c. Bronchospirometry before operation showed that the right lung liad a vital 
capacity of 1,800 c.c. (02 per cent of the total vital capacity), a minute ventilation of S.5 
liters per minute (SC per cent of the total minute ventilation), and an oxygen consumption 
of 73 per cent. The left lung was found to have a vital capacity of 1,100 c.c. (38 per cent 
of the total vital capacity), a minute ventilation of 1.4 liters per minute (14 per cent of 
the total minute ventilation), and an o.xygen consumption of 27 per cent. 

Two months after operation spirometry datsi revealed tliat the vital capacity was 4,290 
c.c. Bronchospirometry two inonths after operation revealed that the right lung had a 
vital capacity of 2,100 c.c. (61 per cent of the total vital capacity), a minute ventilation 
of 6 liters per minute (67 per cent of the total minute ventilation), and an oxygen consump¬ 
tion of 73 per cent. Tlie left lung was found to have a vital capacity of 1,325 c.c. (39 per 
cent of the total vital capacity), a minute ventilation of 3 liters per minute (33 per cent 
of the total minute ventilation), and an oxygen consumption of 27 per cent. 

These data show that the operation caused a 3 per cent decrease in vital capacity from 
4 400 e.c. to 4,290 c.c. The relative vital capacities of the right and left lung ,vere uncli'anged. 
The relative minute ventilation of the left lung increased from 14 per cent before the opera¬ 
tion to 33 per cent after the operation. Tlie per cent o.xygen consumption of the two lungs 
was unchanged bj- the operation. 
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3r<ri 
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671 t 
IPTl T 

21*71: 1 

x.c. 

297c t 
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SUMMAKT 

Thuty patients have undei-gone exploratory thoracotomy and talcum povrder 
pondi-age in the treatment of recurrent spontaneous pneumothorax. Pulmonary 
function studies ■were accomplished on lour patients, one of ivhom had surgerj 
performed on both sides. 

In Case 1 the vital capacity fell 3 per cent after the poudrage. The relative 
vital capacity of the left Ivuvg fell 2 per cent, the relative minute ventilation of 
the left lung fell 6 per cent, and the per cent oxygen consumption of the left 
side rose 5 per cent. These changes do not seem significant. 

In Case 2 the vital capacity fell 13 per cent after the bUateral opeintion. 
After the left operation alone, the relative idtal capacity of the left lung rose 
2 per cent, the relative minute ventilation of the left hnig fell 7 per cent, and 
the per cent oxygen consumption of the left side fell -1 per cent. None of these 
changes seem to be significant. After the second operation on the right side, 
the relative vital capacity of the right lung tell 7 per cent, the relative minute 
ventilation of the right lung rose 11 per cent, and the per cent oxygen consump¬ 
tion of tlie right side fell 30 per cent. The fall in per cent oxi-gen consumption 
on the right side after the right poudrage seems significant. 

In Case 3 the vital capacity fell 13 per cent after the poudrage. The rela¬ 
tive vital capacity of the left lung rose S per cent, the relative minute ventila¬ 
tion of the left lung rose 6 per cent, and the per cent oxygen consumption of 
the left side rose 29 per cent. This increase in oxygen consumption on the left 
side seems to be significant. 

In Case -1 the vital capacity fell 3 per cent after the poudrage. The relative 
vital capacity of the left lung rose 1 per cent, the relative minute ventilation of 
the left lung rose 19 per cent, and the per cent oxygen consumption of the left 
side was unchanged. This increase in minute ventilation on the left side seems 
significant. 

COttGETTSIONS 


Open thoracotomy and talcum powder poudrage for recurrent spontaneous 
pneumothorax produced no consistent decrease in pnlmonam- function as detei- 
mined by hronchospirometry in four patients. The observed changes in pul 
monary function do not seem to be of greater degree than would be exneeted 
to follow any open thoracotomy. TtTe conclude that the introduction of talcum 
powder to induce pleural simiphysis has no demonstrable haiminl effects durC 
the period or our ohservation. uunu. 
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DISCUSSION ON “progressive CHANGES OK PULMONARY FUNCTION AFTER PNEUMONEC¬ 
TOMY : THE INFLUENCE OF THORACOPLASTY', PNEUMOTHOR.YX, OLEOTHORAX, AND 
PLASTIC SPONGE PLOMDAGE ON THE SIDE OK THE PNEUMONECTOJtY',BY' DR. 
EDWARD A. GAENSLER, AND DR. JOHN W. STREIDER; “PULMONARY FUNCTION IN 
TRAUMATIC HEMOTHORAX TREATED BY' DECORTICATION,” BY DR. JAMES H. 
FORSEE AND MAJOR STEPHAN L. KYLAR; “LATE CHANGES IN VENTILATORY 
FUNCTION FOLLOWING THORACOPLASTY,” BY DR. S. B. POWERS, jR., AND 
A. HIMMELSTEIN; AND “lUNG FUNCTION STUDIES IN POUDEAGE 
TREATMENT OF KECURRENT SPONTANEOUS PNEUMOTHORAX, ’ ’ UT. 

COLONEL JOHN PAUL, DR. EDWARD J. BEATTIE, JR., AND 
DR. BRIAN BLADES. 


DR. FELIX A. HUGHES, Jr., Memphis .—I should like to discuss the paper on idiopathic 
spontaneous pneumothorax. We have had fifty-nine patients with spontaneous pneumothorax 
amounting to 3.1 per cent of admissions to the thoracic surgery section at Kennedy Hospital’ 
Observation and aspiration were sutEcient treatments in tweh-e cases with small or minimal 
collapse. Major thoracotomy was used in five patients, because of large bullae in four 
patients and a clotted hemothorax in one. 

Forty-two patients have been treated by closed drainage, using a Foley catheter with 
satisfactory results in forty of the forty-two. Expansion was prevented by a membrane over 
the luno- of one patient. Althougli the lung expanded, large bullae required removal in the 
other case. Recurrence of pneumothorax occurred in three of the forty cases in wide], we 
Imd satisfactory results, and tlie lung re-e.xpanded witli the u.=e of aspiration or drainage. 
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If poudrage prevent recurrence, if it will allow mn.vinrum pulmonu,^ function, f 
it is free^of clanger as a foreign body, its use might be advocated. 1 think if poucrage . 
not used the dangers of aspiration and of rapid expansion of the lung have been great 
e.vaggerated. Timidity and masterful inactivity are usually out of place in the treatment of 

spontaneous pneumothorax. , , 

I would like to stress two points; First, closed drainage should usually be initiated early 
since re-expansion is often obtained in a matter of twenty minutes, even when the patient 
has been treated conservatively for months. Closed drainage is a ward procedure and offers 
little more discomfort than a thoracentesis. There is no immobility of the patient, since 
he can move around with a bottle or flask attached for drainage. 

(Slides.) Tins patient had a pneumothorax and was treated conservatively for five months. 
(Slide.) This shows the patient as he was discharged five days later. 

The second thing I would like to stress is the use of a Foley or balloon catlieter. 
(Slide.) With the balloon inflated, the catheter tip can be lield safely close to the chest 
wall. A catheter inserted 12 inches or more with the tip under thick fluid or fibrin cannot 


be expected to cause the lung to expand satisfaetorily. 

(Slide.) This shows adhesions and an air pocket at the site of the balloon and also a 
slight pneumothorax. It might be better to deflate the balloon a few hours before the 
catheter is removed. 

This type of treatment of spontaneous pneumothorax Ims given satisfactory results in 
a high percentage of cases within a veiy sliort time. 


DR. EARLE B. KAT, Cleveland.—I would like to discuss the paper by Dr. Gaensler 
and Dr. Strieder relative to po.=toperativc pulmonary distention. The objective of pulmonary 
surgerj- is the removal of diseased tissue and the preservation of function of the residual 
lung. It was noted with concern that a certain number of patients developed basilar distention 
in the residual lohe following a previous lobectomy to an unfavorable degree in order to 
occupy the spate previously occupied by the resected loVjc. In an effort to determine the fate 
of the residual lobe following previous lobectomy function studies, bronchospiroraetric deter¬ 
minations, roentgenograms, and btonebograms were performed on a group of thirty-three 
postoperative patients followed from seven to seventy-three months, with an average of 
forty-one months. The pulmonary function studies were performed by Drs. Haven Perkins 
and Philip Crastnopol in the Re.^piratoiy Laboratory at Crile .rnd Brecksville Veterans 
Hospitals. From these studies it was of interest to note the apparent value derived from 
performing a temporary phrenic neuremphraxis early in the postoperative period as a space 
reducing procedure. The patients not having phrenic operations (twenty-one) were compared 
to those who had the procedure (twelve). 

(Slide.) Of twenty-one patients who did not have pUrcwlc operations, thirteen (62 per 
cent) had eitlier no or only minimal basilar distention. Eight of the patients (3S per cent) 
had moderate basilar distention. In contrast, in eleven of the twelve patients having associated 
phrenic operations, or 92 per cent, there was either only minimal (three cases) or no evidence 
of basilar distention (eight cases). 

(Slide.) The abilitj- of the residual lobe cn the operated side to ventilate was much 
better in the phrenic group (75 per cent had nor.mal ventilation) as compared to th.e nonplirenie 
group (33 per cent with normal ventilation). 

(Slide.) The oxj-gen consumption in the nonplirenie group was below normal in 66 per 
cent of the patients, and in the phrenic group in only 26 per cent of the patients. 

(Slide.) The ventilatory equivalent was within normal limits in U per cent of the 
patients without phrenies on the operated side as compared to 58 per cent within normal 
bunts of those with phrenies. 


From these studies it was felt that a temporary piirenic neuremphraxis 
in tlie postlohectomy period was of value in preserving polmonary function. 


performed early 


DR. G. W. VTHGHT, Saranac Lake, H. Y.—I would like to comment on three of the 
four papers. In regard to Dr. Gaensler’s paper, I think we will ail a^ree that to =ubiect a 
paUent to a space-correcting operation is a fairly serious procedure, and o'ne slmuld tke 
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every pains to attempt to justify tliis action. Tlie question of what overclistention means 
seems to me to be very important. For the majority of any twenty-four Iiour period of tlio 
day we do not go around with our lungs in a- state of full expiration which is the size of 
the lung with residual air in it. Nor do we go around with our lungs maximally full, which 
is the size of the lung expressed by flie total volume. Actually, for tJie majority of the 
twenty-four hour day the functional residual air determines the size or state of distention of 
the lung. In looking at Dr. Gaenslcr's data, it is perfectly obvious that the functional residual 
air is enlarged to some extent after resection without subsequent thoracoplasty or plombage. 
The important feature to me, however, is—what is the degree of tl;is enlargement-—and I would 
presume from looking at his data that it was of the order of a 15 to 20 per cent increase, 
some 300 c.c, which in terms of actual stretch of the lung causes only about 1 or 2 cm. of 
water change in the intrapleural pro.ssure. In other words, I have the feeling that from his 
data the degree of distention is not ver}- great from the actual physical point of view. Cer¬ 
tainly it is not as great as happens in all of us when we change from the recumbent position 
to the standing position. As you know tlie functional residua.l air is increased by from 50 
to 100 per cent in the normal man by a change from the recumbent to the standing position. 

In view of the verj- slight effect of pneumonectomy on maximum breathing capacity, I 
think one should question whether or not there is clear-cut physiologic evidence to warrant 
doing a space-correcting operation after lobectomy, and perhaps even after pneumonectomy. I 
would like to ask Dr. Gaenslcr whether or not he believes his data indicate that the doing of 
a space-correcting operation is warranted on a functional basis in people after pneumonectomy. 

In regard to the interesting patient reported by Dr. Forsee, I would like to point out 
that it is one thing to talk about pleural damage influencing lung function when the damage 
is caused by empyema; it is quite another when one speaks only of pleural synthesis. It is 
well known that pleural synthesis does not influence appreciably pulmonary function; for 
example all birds and certain mammals have no pleural space—the elephant has no pleural 
space. These animals do very well, and many human beings do very well with sjmtliesis of 
the pleura. Therefore I would think that if a simple synthesis of the pleura may be accom¬ 
plished, it would be a very useful thing in recurrent spontaneous pneumothorax. 

Dr. Powers’ paper interested me a great deal because we have wondered about this 
scoliosis. I did not quite clearly perceive how he distinguished between the functional effects 
of thoracoplasty per se; that is collapse of lung, and the effects of the torsion due to scoliosis. 


DE. STEIEDEE (closing).—With regard to Dr. AVright’s remarks concerning the 
indications for a space-correcting procedure following pneumonectomy, I have nothing to say 
from a physiologic point of view beyond this: Dr. Gaensler’s data would seem to indicate 
to us that there is justification for the procedure. Only summary data were shown on the 
slides, but details will appear in the published paper. It should then be evident that extreme 
overdistention may occur early or late, and there is no way of predicting when it will occur 
in a given case. AA’ith this in mind, we believe that means should be taken relatively early to 
prevent this, since such measures taken late are not so effective. 

However, again, as was indicated in Dr. G.aensler’s introduction, it is not only on the 
basis of physiologic data, without wisliing to evade the issue that Dr. AVright raises, but there 
are also clinical facts that lead us under certain circumstances to correct the defect wliich has 
arisen as a result of pneumonectomy in a given patient. In this connection I refer to the 
fact that a patient may be uncomfortable purely on the basis of the mediastinal shift or 
tracheal deviation, in addition to what appears to us to be clinical evidence of overdistention 
namely, that the patient is unliappy and dj-spneic on exertion and has ineffectual cough. 


DE. HIMMELSTEIN (closing).—Dr. Blalock, may I make one comment about the 
patient presented by Lt. Colonel Paul before I close? 

AVe have been impressed by tlic development of talc granuloma in some of the abdominal 
surgery we have done and have not liken it. In treating recurrent spontaneous pneumothorax 
we follow Mr. Brock’s procedure, using onc-half cubic centime er of 10 per cent silver nitrate’ 
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The conmeni is the fact that in these patients at sis months tve have tried to induce a 
pnemnothorax hr the technique usuaiiy employed in six or seven spots around the chest, and 
in six of the seven patients have l-een unahle to find a pneumothorax space. 

In closing onr paper I would lihe to answer Dr. IVrighfs question. IVe hare not 
specifically listed the effects of thoracoplasty, but merely have pointed out that we have 
obtained our best results when the spine is straight, and that when scoliosis did occur it 
usually was accompanied by about 50 per cent or greater reduction in maximum breathing 
capacity, which is an effect one would not anticipate just from the thoracoplasty. 

LT. COLOXEL PATiXf (closing).—I vrish to tliank the discnssors of the paper. In 
answer to Dr. Hughes' question concerning chronic pneumothorax. I would state that the 
present series of cases contained no cases ofi chronic pneumothorax but was confined to the 
treatment of recurrent spontaneous pneumothorax. All the patients had experienced at least 
three episodes of spontaneous pneumothorax of ■nontubcreulous origin. In the militarv service 
t'ne problem emsts as to whether a man is fit or unfit for full milita.ry dutv. "We have found 
that thoracoToray with poudrage is a very effective method of liandling recurrent spontaneous 
pneumothorax enabling ns to return these patients to a full dutv- status after a mmimnra of 
hpspitalirarion. 


THE SIGNIFICANCE OF CELL TYPES IN BEONCTIOGENIC 

CARCINOMA^' 

John R. McDonald, Robert P. McBurney, M.D.,’***'*"' John C. 

Carlisle, and Matthew M. Patton, M.D.,§ 

Rochester, Minn. 

B ronchogenic earcinoma is do longer a disease seen as a curiosity clini- 
cally and at necropsy. It is a disease which, if seen earlj”^ enough, can be 
eradicated surgically. It is important, therefore, to establish morphologic cri¬ 
teria by which one can determine to some degree operability and chances of 
survival after resection. Grading bronchogenic carcinoma furnishes little of 
value surgically or prognostieally. 

Bronchogenic carcinoma is a primary carcinoma of the lung, of varied 
histologic types, apparently arising from the surface mucosa of the bronchi or 
bronchioles. The mucous and serous glands of the bronchial wall are believed 
to be the site of origin of an entirely different type of tumor, namelj% those of 
the adenoma and cylindroma group. The biologic behavior of tumors of the 
last-mentioned group is sufficiently unlike that of bronchogenic carcinoma to 
warrant their exclusion. The definitive diagnosis of bronchogenic carcinoma is 
not alwaj^s possible from tlie examination of a resected specimen, particularly 
in peripherally placed tumors, because of the simulation of bronchogenic car¬ 
cinoma and metastatic carcinoma. 

In studies to be I’eported on in the following four papers adenomas and 
cylindromas were eliminated on the ba.sis of histologic examination of the tumor. 
In order to exclude metastatic earcinoma, any patient who had a primaiy car¬ 
cinoma, elsewhere was excluded from the study. 

The histopathologic portion of these studies was made separately from the 
clinical portion. When the pathologic studies were eom])!eted, the clinical, 
surgical, and cytologic aspects of tlie various cases wore correlated with the 
various histopathologic groups. The following four papers present the results. 
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BRONCHOGENIC S1\L4LL-CELL CARCINOi\IA* 

Robert P. McBurkev, M.D.,- Johk R. McHoxaeb. axd 0. Therox 

Ceagett, ]\I.T).§ 

Rochester, jMixx. 

nPHERE have beeii many studies of in-oncliogenie carcinoma, but infrequent 
i ones of individual cell types. Our study is concerned with a clinical and 
pathologic study of small-cell bronchogenic carcinomas seen at the Atayo Clinic. 

METHODS AXD MATERIAb 

The records and tissue of all cases of tumor of the lung encountered at the 
clinic through 1948, on which pathologic material was available for studr, were 
reviewed. No cases were included in which the diagnosis nas made on a clinical 
basis only. This involved study of biop.sy and cytologic material in 1,153 eases. 

It was deemed necessary to restudy all tissue, because in past years the 
pathologic diagnosis of bronchogenic carcinoma was not broken down according 
to cell types, and also because we wished to he certain that adenomas or other 
misdiagnosed lesions were not included. Cases in wbieb there was a roentgeno- 
grapliie shadow in the lung and in which po.sitive results were obtained on biopsy 
of the cervical nodes were not included because it was felt that this evidence, 
while suggestive, was not conclusive for carcinoma of the lung. 

New sections were ev\t and stained with hematoxylin and eosin in instances 
in which the routine slides were unsatisfactory for study. The lungs in all 
cases in which reseetioii was done were also studied. 

Following the study of the microscopic sections the clinical records were 
then reviewed and follow-np studies done. 


CIUXICAL DATA 


Of the 1,153 eases, 849 were felt to represent primary bronchogenic car¬ 
cinoma. Of this number, in seventy-five (8.8 per cent) the diagnosis was small¬ 
cell bronchogenic carcinoma. An additional fifteen cases were included in the 
stud}' on the basis of positive cytologic evidence alone. 

Ninety per cent of the cases fell into the age group 40 to 69 years (Table I). 
The youngest patient was 30 years old, while the oldest was T5 years of age. 

There were 8T males and 3 females, or a ratio of 29 to 1. Eig}it}'-one of the 
patients were Anglo-Saxon or Scandinavian, seven Jewish, one Mexican, and 
one Spanish. 

Data on the use of tobacco were not complete enough to be significant. As 
might be expected, most of the patients were smokers to some degree. 

Occupation did not seem to be a significant factor, as there were many 
ocevipations represented. 
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Table I. Age Distribution in 90 Cases of Small-oell Bronchogenic Carcinoma 


-AGE, Y'EARS | 

CASES 1 

PER CENT 

.■>.0-39 

7 

7.8 

40-49 

20 

22.2 

50-59 

43 

47.8 

G0-G9 

IS 

20.0 

70 or more 

2 

2.2 

Total 

90 

100.0 

Symptoms and Physical Signs.- 

—The average 

duration of symptoms was 


5.9 months; however, in forty-nine cases the duration was less than four months, 
with about one-fourth of the patients having .sj’mptoms of less than two months’ 
duration (Table II). 


Table II. Duration of Symptoms in S8 Cases of Small-cell Broncuooenic Carcinoma* 


DURATION 

(months) 

CASES 

DURATION (months) 

CASES 

Less than 1 

5 

C 

3 



7 

G 

1 

20 

8 

2 

2 

17 

9 

3 

3 

7 

10-11 

11 

4 

2 

12-23 

4 

5 

5 

24 

3 


‘Duration unknown in one additional case. Story unreliable but possibly of tliree-year 
duration in one additional case. 


The symptoms were identical with those of any group of carcinomas of the 
lung in general. Table III indicates the eai’ly and most prominent symptoms 
in the eases. 

The signs elicited were again those of bronchogenic carcinoma in general. 
The most significant and striking ones ai*e listed in Table IV. It is of interest 
that almost 10 per cent of patients had veiy little evidence of thoracic disease 
on physical examination. 


Table III. Early Symptoms 

IN 90 

Cases op Small-cell Bronchogenic 

Carcinoma 

SYJtPTOM 1 

CASES 

1 SYMPTOM 

1 CASES 

Cough 

58* 

Fever 

7 

Pain in chest 

27* 

Weakness 

G 

Dyspnea 

IG 

Vomiting 

2 

Episodes of pneumonia, influ- 

15 

Anorexia 

1 

enza or chest colds 


Abdominal cramps 

1 

Lost weight 

13 

Voice lost 

1 

Hemoptysis 

9 

Night sweats 

1 

Wheeze 

7 

Feeling of something in tlie clieof 

1 

Fatigue 

7 

Joint pain or arthritis 

6 


•In one case this was the only symptom. 


Roentgenologic Evidence .—All patients had roentgenologic examination of 
the chest, but the report on one was not available for this study. The findinos 
in the initial roentgenograms of the chest are listed in Table V. “ 

By roentgenogram the lesion was located on the right in fifty-four cases 
on the left in thirty-two, and bilaterally in one. Tlie site was not determined in 
the remainder. 
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Table IA'. 


SIGNIFICANT PHYSKLAL SlGNS LN PO C-ASES OF SMALL-CELB BEONCHOGENIC 
CAEaXOMA 


SIGN 


Dullness over tlie aSected side „ ^ a 

Breatli sounds diniinislied or absent over tlie aSected side 
Lacr in respitutoTv movcmeiit over txftecteu side 
Rvle^i in the chest over the affected side 

isstrf ;£i 

Bronchial breath sounds over afiected side 
Evidence of superior vena caval obstruction 
Emaciation . . 

Pigmentation on the trunh. fa'ce or extremities 
Palpable liver 
Audible stridor 
Deviated trachea 

Tenderness of chest ivall , . . , , , . , „ , ii i 

Cyanosis, palpable abdominal mass, nodule in tbe abdominal wall, clulibeil 
fingers, fixed diaphragm, weakness of one leg 
Physical examination negative 
Negative except for: 

Sti2 shonlders 
Loss of weight 

Small '•shotty’-' cervical nodes _ 


CASES 

56 


4o 

16 

11 

13 

6 

3 
■i 

4 


1 

each 


Table T. Initial Boentgenogtaphic Findings in Eir.nTT-xi.xE Cases or Small-cell 

O-AECINOMA OF THE LUNG 


_ FINDINGS _ I 

Hilar mass or perihilar infiltratioTi 

“Atelectasis’’ of lobes or part of a lung 

Diffuse opacity, collapse or infiltration of a whole lung 

Mass at the base of the lung with or withent fixation of the hemidiaphragm 

Infiltration or mass in the niidportion of a lung 

Mediastinal widening only 

“Bronchiectasis” only 

Multiple masses in one lung 

Multiple cavities with mass at the hilus 

Single cavity 

Lesion at tile costophrenic angle 

Esophageal displacement by mediastinal mass 

Condition obscured by opaque oil 

Negative except for questionable mediastinal widening 


CASES 

~zr~ 

26 

S 

5 

7 

3 

5 

o 

2 

1 

2 

1 

1 

1 


Broiic/ioscopic Findings.—Bronchoscopic examination was made in eiglitv- 
one cases. In sixty-seven cases a tumor was seen, but biopsy gave positive re¬ 
sults in only sixty-two. Examination revealed some deformity of the bronchi 
in another seven oases. In one case the findings were those of inflammation of 
the bronchus, and in five cases bronchoscopy gave completely negative results. 

Localization of the lesion as determined hronchoscopically is summarized 
in Fig. 1. 

CijioJogic Examination of Sputum and Bronchial Secretions—Adequate 

study of the sputum or bronchial secretions had been made in thirtv-one of the 

ninety eases of small-eell carcinoma. By adequate studv is meant that at least 

three different specimens were examined before the result could be called 
negative. vaucu 


Or the tlurty-one cases, carcinoma cells were present and identified in 
twenti-iime. This represents a diagnostic accuracy of 93.5 per cent In four 
ten «t tW cDsa, loth t.rtologic and biopsv material mere avaUaWe 
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for study and of tliese, in ten the lesion had been diagnosed carcinoma of the 
sinall-eell type, and in the remainder it had been diagnosed carcinoma cells, 
type not specified. Thus, in more than 70 per cent of cases, it was possible to 
specify cell type as well as diagnose carcinoma. 

Treatment .—Since the first succes.sful pneumonectomy for carcinoma by 
Dr. Evarts Graham was done only in 1933, it is obvious that all the patients in 
this series could not have had the opportunity of surgical treatment had their 
lesions been operable at the time. There were, however, only eight cases prior 
to 1934, so that the majority of the patients could have had surgical treatment 
if their disease so warranted. 

Of the eighty-two patients seen after 1934, only thirty had tumors that 
were deemed operable, and as one of these refused surgical treatment, there 
were tweuty-nine who were operated on. In other words, about 35 per cent of 
patients seen were thought clinically to have operable lesions. 

Of the twent.y-nine patients who undei’went thoracotomy, fifteen actually 
had removal of the lesion, total pneumonectomy being done in every case. In 
fourteen cases resection was not possible because of extension of the cancer be¬ 
yond the limits of surgical removal. Details on the duration of life following 
pneumonectomy in these cases are given in Table VI. 


Table VI. Small-cell BnoNcnoGExic C-aucinoma: Suhwval After Pneumonectomy 


survival 

(MONTHS) 

PATIENTS 

SURVIVAL 

(MONTHS) 

PATIENTS 

1 

1 

12 

1 

2 

1 

15 

1 

3 

1 

19 

1 

4 

1 

26 

1 

9 

4 

33 

1* 

10 

1 

63 

It 


*Operation, January, 1948; alive September, 1950. 
tOperation, May, 1945 ; alive September, 1950, 


One patient had bronchoscopic fulguration because of a mistaken diagnosis 
of adenoma. This patient failed to survive more than six months. 

Roentgen Treatment .—Seventeen patients received roentgen treatment. 
The efficacy of this form of treatment is difficult to evaluate since the effective 
tumor dose delivered is not Imown in every case and many patients received 
palliative or placebo treatment only. None treated with roentgen rays survived 
longer than a year. 

PATHOLOGIC AND CYTOLOGIC ASPECTS OF THE DISEASE 

Almost all workers agree on the classification of the eel] types, squamous¬ 
cell carcinoma and adenocarcinoma, but what to include and exclude in these 
classifications is not agreed upon. Many group the remainder of the broncho¬ 
genic carcinomas as anaplastic or undifferentiated. To illustrate some of the 
different conceptions regarding classification: Rienhoff’ considers small-cell (oat¬ 
cell) carcinoma, “cylindrical-ce'.l” carcinoma, and adenoearcinoma all as forms 
of adenocarcinoma, and hence he states that all bronchogenic carcinomas are 
either adenocarcinomas or squamous-cell carcinomas. Somewhat similarly 
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Ormerod= lumps all bronchosemc carcinomas as squamous-cell carcinomas or 
nonsquamous-cell carcinomas. Olveefc,^ BJork.^ and Graham'' all state that 
they find it difficult to separate small-cell carcinomas from adenocarcinomas. 

In our study no definite evidence could be found to indicate that small¬ 
cell carcinoma is an adenocarcinoma subtype. In some cases perithelial grouping 
of cells gave a pseudoglandular appearance (Fig. 2al, but no true acini or al¬ 
veolar structures Mere found in any cases. 

This study included all those bx'onehogenic carcinomas with predominantly 
small cells, regardless of the particular shape they assumed. Thus, in our 
opinion, the so-called oat-cell cancer, the small round-cell cancer, and the small 
spindle-cell cancer or sarcoma’' are all simply variations in foi-m of the same 
tumor. 

Gross CMracteristics.—iiXuAy of the gross surgical specimens revealed that 
most of the tumors were large, the largest being 15 cm. in diameter. Tliree 
patients had small lesions, measuring 1 by 1 by 1 cm., 1.5 by 1.5 by 1 cm., and 
1.2 by O.S by 1 cm., respectively. 

All specimens demonstrated involvement of the hilar nodes by metastatic 
cancer. 


H 


•Rt. upper lobe bronchus(9coses)_ 

•Rt moin bronchus (13 coses)_— 

•Rl middle lobe bronchus() cose)_ 

'Rt lower lobe bronchus (18 coses)---^^ ^ 
plus 2 shared with R.M.B. 



-Left upper lobe brondius (Bcoses) 

plus J shared with L.M.8. 


_Lef1 moin bronchus (15 coses) 
..Left lower lobe bronchi (5 cases) 


Right; 41 coses *'* Left: 26 coses 

Fis. I.—Small-cell bronchogenic carcinoma. Site of the lesions as determined on bronchosconic 

examination. " 


IVith only one exception the tumors were located either in the main broncJii 
or m a major secondary bronchus. The one exception teas a 15 bv 10 by S 5 cm 
tumor in the peripheral portion of the left lower lobe. 

AU specimens with one exception had evidence of ohstructive pneumonitis 
distal to the bronchial tumor, 

J/tcroscopic Aspects.—Prom the study of tissue in seventv-five of the ninetc 
cases the following characteristics of this group of tumoi-s were noted 

The most constant featiu-e, of course, was the small .size of the cells Tn 
defermiue the size of these cells and nucleL measurements of eel] size usincr an 
e.vepiece mwrometer were made in twenty cases. In each case the nncJd of aJ 
east tuenty cells taken at random from representative fields were measured 
Because poor definition of the cell membrane is one of the characteristics of this 
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type of tumor a smaller group of actual cell sizes was measured by use of the 
same method. It was found that the average nuclear diameter was 7.3 microns 
and the average cell diameter 8.7 microns. Extremes of nuclear size Avere 3 and 
20 microns, but most nuclei fell into the 6- to 8-mieron range. For comparison 
the nucleus of the aAmragc lymphocyte measures about 4 microns, and the 
average polymorphonuclear leucocyte mea.sures about 6 microns (Fig. 2?)). 
Thus, compared to many normal cells the malignant cell in question is not small. 
It is small only in comparison to other malignant cells. 

In nearly every case the nuclear-cytoplasmic ratio was high, the nucleus 
occupying almost 90 per cent of the cell (Fig. 3a). 




earure. In thin s( 
r the nucleus Avith 
• hematoxylin and 
ten one saAv only ; 
)ut any accurate c 
’ "^ery minute 

O' form. There is 
0 they have interce 















mcburnt;^ El AL.. rarely 

Conform to the average ,,,,„,^er ot eells, as small lustioeAtes. 

small-cell carcmoma on resemble cancer cells. 

Kn^ohocytes, monocytes, and other 
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•.« ei 'Hip-h nuclear cvtoplasmic ratio with 
Fig. 3 .— Small-cell Bro"=aopnic carcmoma. X 320 ). b. Amorphic mass of chromatin 

poor outlines ot cell membranes of' Email-cell bronchogenic carcmoma. 

material with poor celi outimes. cnaracieii. 

COllMEr^T 

Contrary to the belief of Nenhof and Anfses,^ Tirttle and Womack,=> Phillips, 
Basiimer and Adams'o ^iso Bjork,^ cell tt-pe is a significant pro^ostic 
factor^ and specifically the small-cell carcinoma of the lung is a highly malignant 
cancer with a poor prosmosis, according to the results of our study. Only two 
survivors, one of whom has had known metastasis, out of ninety cases m forty 
vears’ experience, indicates that when this diagnosis is made the outlook is grave 
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It is believed tliat studies of the other cell types of cancer of the lung when 
correlated with the clinical histories and with this study will indicate that cell 
type, apart from other clinical factors, will prove to he a most valuable prognos¬ 
tic factor. This view is already held by many,"' Adams’’’ calling it the 
crux of the whole problem. 

The duration of symptoms in most cases makes remote the possibility that 
small-cell carcinoma is a malignant tumor arising from a previously existing 
adenoma. There is certainly evidence that adenomas may be, or maj' go on to 
become, malignant; however, all the malignant adenomas seen at the clinic were 
studied as a part of this study, and in every case there was a recognizable 
difference in the histologic picture from that of the small-cell carcinoma. More 
study of the malignant adenoma is needed. One should not assume that every 
case in which small cells show pleomorphism and mitotic figures is one of small- 
cell carcinoma. 

Graham'"'’ " has stated that because of the paucity of necropsy cases of 
adenoma it is his belief that there is a definite possibility that adenomas become 
small-cell carcinomas. Abbott" lias agreed with this belief. Eabin and Neuhof," 
and also Head" have disagreed with this and have stated that a history of a 
lesion of short duration plus the absence of any pol.vpoid appearance to small¬ 
cell carcinomas excludes the possibility of their coming from adenomas. In none 
of the cases in our series were there any areas in the tumors that resembled the 
carcinoid or cylindroma pattern of adenomas. If small-cell carcinomas come 
from pre-existing adenomas, one would expect to find some tissue still present 
which resembles tbe parent tumor. At least this is the case in most instances in 
respect to other malignant tumors that arise from pre-existing benign tumors. 
The most valuable microscopic criterion for differentiating between small-cell 
carcinoma and adenoma, aside from the cellular arrangement, is the nuclear- 
cytoplasmic ratio which is high in small-cell carcinoma and is about 1 to 1 ni 
adenoma. Another feature that aids is the fact that one rarely sees necrosis or 
spindle-shaped cells in adenomas. 

There was no evidence in our study that small-cell cancer could change 
to another cell type or vice versa. 

The evidence that most of the small-cell cancers arise in the larger bronchi 
seems good; in our series thei'e was only one periplieral tumor in twenty-nine 
cases in which exploration was done, and in eighty-nine cases in which 
roentgenograms were available. This is in agreement with the studies of Gebauer," 
Karsner and Sapliir," KoletslrjL" and others. Few studies have supported the 
opposite thesis of Tuttle and AYomack.® This fact of origin in the larger bronchi 
no doubt helps to explain the high incidence of positive bronchoscopic and 
cytologic findings in our study. 

That these tumors have usuall.v metastasized when one sees them is attested 
to by the fact that in all cases in our series metastasis either was demonstrable in 
the surgical specimens or was obvious clinically when the patient was seen. It is 
felt by many that these tumors metastasize^ vigorously by lymphatic routes. The 
evidence of this series seems to favor this view The data are not complete 
enough to warrant discussion of metastasis by other routes. Although medias- 
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tinal nodes n-ere involved in all the snTgical specimens, there was no evidence 
that the primaiy lesions extended into the mediastinum more frequently than 

does bronchosenie carcinoma of other cell 11 . 1 ) 68 . 

In regard to treatment this study revealed discouraging hut not hopeless 
results. In spite of what appeared to be occasional beneficial palliative results 
of roentsen therapy there were no cures with this method of treatment, nor was 
there eiddence of any particular sensitmty to roentgen therapy. 

In our series of fifteen patients who underwent pneumonectomy for broncho¬ 
genic carcinoma two patients were living at last report. One patient was living 
more than five years and one was living two yeare and nine months after opera¬ 
tion. The remaining thirteen patients died at intervals ranging up to twenty- 
seven months after operation. As our knowledge now stands, small-cell 
carcinoma carries a very poor outlook. Adams’^ had no survivor's in his 
group of surgically treated patients, and one is hard put to it to find airy series 
where more than one or two five-year survivors exist who had proved small-cell 
carcinoma. In spite of a poor prognosis we cannot agree with Bariety and 
others’’* that patients with this type should not be operated on. Surgical treat¬ 
ment continues to offer the only pope for these patients though small it may be. 

For this tj'pe of carcinoma our study showed a lower operability rate, but 
approximately the same resectability rate as for carcinoma without distinction 
as to cell type. In the past few years it has been the tendency both here and 
elsewhere to do more pallvative resections. This will result, of course, in a 
higher resectability and operability rate, but it is incumbent upon surgeons to 
indicate that the operation has been a palliative one. when such it is, as it is 
only with such honesty that true knowledge will result. 

Apparently the rate of operabilitv- in regard to such malignant tumors 
would be lower were it not for the fact that these tumors metastasize fii-st to 
lymph nodes and later to distant sites. Also, it is believed that probably many 
patients with inoperable growths of this cell tj-pe did not have even bronchos¬ 
copy and, hence, were not included in our study. This would make the opera¬ 
bility rate foimd in this study- falsely high, and the ratio of bronchogenic car¬ 
cinoma of the small-cell type to bronchogenic carcinoma of all cell types falselv 
low. 


-SUiinART AXD COXCLESIOXS 

Ninety cases of small-cell carcinoma of the lung were encountered at the 
:Mayo Clinic in the years 1906 through 1948. These constituted 8.8 per cent of 
all cases of pi'imary bronchogenic carcinoma in which positive tissue proof of 
the diagnosis was available. The predominant age of occurrence was in the 
fifth, sixth, and seventh decades. The predominance of males over females was 
29 to 1. Race and occupation were not significant factors. 

The average duration of s.vmptoms from onset to diagnosis was 5 9 montks 
^ve patients had symptoms for less than one montl,.^ Onlv three natients 
had symptoms for as long as two yeais., and for these the evalnarton of 
rue symptoms was difficult. The symptoms were identical uith those of 
bronchogenic carcinoma in general; cou-rh pain in the r-herf i 
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of bronchogenic carcinoma. Dullness over the affected areas, diminished breath 
sounds, lag in respiration, and rfiles in the affected areas Avere the most fre¬ 
quently noted signs. 

In all cases in ivliicli roentgen examination was made there were positive 
pulmonary findings with 1 exception in which the interpretation was “negative, 
possible mediastinal widening.” In five eases the interpretation was broncliiec- 
ta.sis, illustrating the danger of accepting the roentgenologic report as the final 
diagnosis. Further evaluation in all these firm cases revealed that the bronchiec¬ 
tasis was secondary to bronchial obstruction bj'^ a tumor. There was a slight pre¬ 
dominance of lesions in the right side. 

Bronchoscopie biopsy gave positive results in 76.5 per cent of cases. In an 
additional 16 per cent, some evidence of disease was noted but either no lesion 
was found or biopsy of suspicious areas gave negative results. 

Of thirtj^-one cases in which Qdologic examination was done, carcinoma 
cells were found in twenty-nine, to gh'e a diagnostic accuracy of 93.5 per cent. 
In more than 70 per cent of the eases in which there was subsequent tissue con¬ 
firmation it was possible to diagnose the cancer as being of the small-cell type. 
This indicates that ejfiologic examination of sputum and bronchial secretions 
is very helpful when experienced personnel are evaluating the findings. 

The pathologic characteristics of small-cell carcinoma are fairly definite 
and explain in some part the poor prognosis. The onlj’’ tumors of the lung that 
offer the pathologist difficulty in differential diagnosis are the atypical adenomas 
and the true primarj^ lymphosarcoma of the lung. Close studj' in most cases 
will reveal the true nature of the tumor. 

Of the ninety patients with small-cell bronchogenic carcinoma in this series, 
twenty-nine underwent exploration, and fifteen of the twenty-nine had pneu¬ 
monectomy. All the pneumonectomy patients Avere traced; tAA’o Avere still aliv'e, 
one five years and four months, and the other tAVo years and nine months, after 
operation. The last-mentioned patient, hoAvever, had a malignant groAVth re¬ 
moved from the small intestine Avhich probably represented metastasis. All 
but six of the patients AAdio did not undergo exploration or AAdiose lesion could 
not be removed surgiealB^ AA'ere traced; they were all dead. The six untraced 
patients had definite evidence of hopeless malignancj" and must be assumed to 
be deceased. 

Eoentgen therapy Avas given to seventeen patients either at the clinic or in 
the patient’s home community. While seAmral seemed to get good palliative re¬ 
sults, there Avere no survivors in this group. 

This study indicates, in our opinion, that small-cell bronchogenic carcinoma 
is a definite entity and should not he included in the general group of ana¬ 
plastic or undifferentiated cancer, even though admittedly its behaAuor is of 
such a nature. This opinion is based on the fact that there exist (1) a definite, 
easily recognizable, microscopic picture, (2) a definite high incidence of ejdo- 
logically positive results on sputum examination AA'hich makes the condition 
easily recognized and diagnosed, and (3) a eharaeteristie clinical behaAUor 

Finally the results of this study bear out tlie succinct statement of Dr 
Edward Churchill-”: “The prognosis folloAvmg surgical extirpation has not 
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been fullv correlated ^vitll the predominant cj-tologic characteristics oi cancere 
of the Ivmg. The emdence that exists, however, confirms die reasonable hypothesis 
that growths with highly undifferentiated cells are rapidly invasive and tend to 
metastasize early. The same may be said for the oat cell type. Significant re¬ 
sults achieved by the surgical extirpation of caneei-s of these morphologic ti-pes 
are rare. A biopsy that demonstrates highly iindift'ereutiated or oat cell cancer 
is presumptive evidence that complete surgical extirpation is a remote possi¬ 
bility.” 
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BRONCHOGENIC SQUAIMOUS-CELL CARCINOMA'* 

John C. Carlisle, M.D.,®* John R. McDonald, M.D.,*”*" and Stuart AV. 

Harrington, M.D.§ 

Rochester, Minn. 

T he microscopic classification of primary bronchogenic carcinoma now in 
use at the Mayo Clinic consists of four subdivisions: squamous-cell car¬ 
cinoma, adenocarcinoma, large-cell carcinoma and small-cell carcinoma. Defi¬ 
nite microscopic criteria have been .set up for eacli of these groups. The micro¬ 
scopic criterion required in this study to ela.ssify any primary bronchogenic 
tumor as squamous-cell carcinoma was (1) the presence of intracellular bridges, 
or (2) definite epithelial pearl formation, or (3) definite keratinization or 
squamatization, or (4) definite polarization of cells (a whorling tendency) with¬ 
out true pearl formation if accompanied either by minimal squamatization or 
keratinization or by the typical growth pattern of squamous-cell carcinoma. 
If any of the first tliree criteria was found in a single area of any section the 
tumor was classified as squamous-cell carcinoma. In order to classify a tumor 
on the basis of only the last criterion, however, more than one area showing the 
specified characteristics was required. 

The characteristic growth pattern of this tumor consists of anastomosing 
and branching columns of epithelial cells encroaeliing on the stroma (Fig. 1« 
and h.) There is a tendency for the epithelial cells to line up along the edges 
of these columns, as if in an attempt to form a growing edge of skin. Many 
squamous-cell carcinomas, liowever, do not exhibit tliis growth pattern, and 
conversely, many large-cell carcinomas do. 

Many specimens previously labeled “squamous-cell carcinoma” did not 
meet the foregoing requirements for tliis diagnosis. The majority of these were 
reclassified as large-cell carcinomas, and it was with this group that the major 
ditficulty in classification occurred. 


jM.\TERIAI. and 51ETH0DS 


The records of all cases in the files of the Mayo Clinic through 1949 in 
which a diagnosis of a tumor of the lung or bronchus had been made and in 
which positive microscopic proof obtained by bronchoscopy or thoracotomy was 
available were reviewed. This group involved a study of about 1,400 cases. Of 
this group, 373 cases met the criteria for primary^squamous-cell carcinoma' of 
the bronchus. This study is an analysis of these o73 proved cases. 
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P„ta„„a>T vesecion .'.s pcrfonae.! ■” f f, 

90 per rent o£ tlic patients 'vlw sm-viveil operation 'leio tiacec. 



Fig. 1.—^Typical growth pattern. Sections stained with hematoxylin and eosin a (X451 

b. (X200.) ^ ' 

Up througih December, 1948^ there were 849 proved cases of bronchogenic 
carcinoma, of which 321 were of the squamons-cell variety, giving an incidence 
of 37.8 per cent, as compared with 8.8 per cent for small-ceil carcinoma, 13.2 
per cent for adenocarcinoma, and 40.2 per cent for large-cell carcinoma for 
the same period. 
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PATHOLOGIC CHARACTERISTICS 

The 373 squamoiis-eell careinomas were graded according to the highest 
grade of malignancy seen in any section. With this metliod, 99.5 per cent of 
the tumors were classified as grade 3 or grade 4 carcinomas. It is not sur¬ 
prising, therefore, that only 13.8 per cent showed true epithelial pearl formation. 
This hallmark of squamous-cell epithelioma i.s' more characteri,stically seen in 
lower grade tumors. 

Microscopically the tumor .spread mainly in the extracartilaginous portion 
of the bronchial wall, at times pushing up through the cartilage jilates to form 
an intrabronchial nodule pro.ximal to the main lesion. This is illustrated in 
Pig. 2, a section separated by 4 mm. of normal mucosa from the main intra- 
bronehial lesion. In situ squamous-cell carcinoma of the bronchial mucosa was 
also noted in several instances proximal to the gross le.sion in fhc bronchus. 



Fig. 2.—View of a "skip” area in an involved bronchus (hematoxylin and eosin XT'S)- 

This is not as much a hazard, from the surgeon’s viewpoint, as might be an¬ 
ticipated, because in the majority of cases there was olndous gross eareinoina 
surrounding the bronchus deep to the normal-appearing bronchial mucosa. 

Grossly the majority of tumors presented a similar patteiai. Thei'e was 
an ulcerated or nodular involvement of a central bronchus with an elliptical mass 
of carcinoma pro.ximal to and often surrounding the involved bronchus. Lymph 
nodes were frequently invaded by this mass, but much less frequently were 
lymph nodes proximal to the gross lesion involved with tumor. Of the 121 cases 
in which resection was performed, lymph nodes were ini'olved in 43.7 per cent. 
The average size of the gross tumor was between 2 by 2 by 2 cm. and 5 by 5 bv 
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5 cm., but in some cases the masses -were considerably larger, and characteristic¬ 
ally more peripherally located, Avith the im'olved bronchus seeming to ‘ • run into 
the mass. It -was this type of tumor Avhich sometimes showed a necrotic central 
abscess. The incidence of abscess formation, however, was only 13 pier cent 
in the sroup in which resection Avas performed, and about half of these Avere in 
nonmalignant tissue distal to an obstructed bronchus. 

The primary groAvth Avas located in the right liuig in 57.9 per cent of the 
121 eases in which resection was perfomied. The tAvo most frequently involved 
lobes Avere the right lower lobe Avith thirty-five cases and the left upper lobe Avith 
thirty cases. In only four eases or 3.3 per cent was the tumor truly periph¬ 



eral m location in that it lay nioi-e than 4 cm. from the mam bronchus or its 

ecu ”of ^Sixty-five and thi-ee-tenths per 
thcl Primarn- or secondarA- bronchi, and two-thirds of 

the-se were in the mam bronchi or the main lower lobe bronchi (Fig. 3) 

DIAGXOSIS 

Bro.ichoscopy ,vns pei tomed in more limn 99 per cent of th. 9 -» 

Stive poemve reeull, in „„1,- 64,5 p„ pPi ™ °-i^ ml 1 
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lobe, right middle lobe, or left upper lobe gave negative results on broncho- 
scopic biopsy, and 44 per cent of tliose located in the secondary branches of the 
right lower lobe also gave negative results on bronchoscopic biopsy. In the 
series in which resection was done, bronclioscopic biopsy gave positive results 
in 71 per cent of tlie tumors in the right lung, but in onlj^ 53 per cent of those 
in the left side. 

Koentgenologic examination of the chest proved to be the most constant 
means of determining an abnormal condition in this series. The results of more 
than 99 per cent of such examinations for the entire group were reported as 
abnormal. Unfortunately, these findings were rarely diagnostic. The most 
common findings were obstructive pneumonitis in 42.6 per cent, hilar mass in 
28.8 per cent, infiltration of a lobe or part of a lobe in 15.5 per cent, and 
thickened pleura or bronchiectasis in 10.9 per cent. 

In addition to bronchoscopy and the roentgen-ray examination of the chest, 
a third and more recent addition to the available diagnostic aids in broncho¬ 
genic carcinoma is the examination of the sputum or bronchial secretions for 
malignant cells. Cytologic studies were made in 116 cases in this series in¬ 
cluding 95 per cent of all the eases encountered from Jan. 1, 1948, through 
December, 1949. In 72.4 per cent of these 116 cases cytologic studies gave 
positive results. One hundred patients had cytologic examination of the spu¬ 
tum, with positive results in 63 per cent, and seventy-six patients had cytologic 
examination of bronchial washings with positive results in 59 per cent. 

The clinical findings in this series of cases differed very little from those 
of most other reported series of bronchogenic carcinoma except that there were 
fewer patients under 40 years of age in this .series. The age range was from 3i 
to 71 years. The age distribution in this series is shown in Table I. 

There were only 13 females (3.5 per cent) in the 373 cases. In the entire 
group of proved cases of primarj^ bronchogenic carcinoma 10.3 per cent were 
females. 

The duration of sjmiptoms before tlie -definitive diagnosis was established 
varied greatly but averaged about eight months. The duration in the group 
■with resection was not marked^ different from that in the group ■\Uthout re¬ 
section. 

Cough, sputum, hemoptysis, loss of more than 10 pounds, pain in the chest, 
dyspnea, and fever each occurred in more than 40 per cent of patients in both 
the group with resection and the group without resection. The presence of pain 
as a chief complaint and the presence of hoarseness or osteo-artliropath.y were 
each associated with a high incidence of inoperability. 


table I. 


Age Distribution in 373 Proved Cases of Prhiarv 
Bronchogenic Carcinoma 


Squajious-cell 


AGE. 


CASES 


30-39 

6 

1.6 

40-49 


19.3 

50-59 

175 

46.9 

60-69 


ol.4 

70-79 


-o.s 

Total 

373 

IoojT 
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PROGNOSIS imHOtIT PULIMONaVRY RESECTION 
The sunival rate* for patients without pulmonary resection is shown m 
Table II for ^04 patients who were adequately followed for the indicated period 
If time oVe hmidred nineti'-two patients were followed two years, and onlj 
fevl or 3.6 per cent, survived for two yeai-s after the definitive diagnosis was 
established. There were no three-year survivals. 


SURGIC-A.L TREaVTSIEXT AND RESULTS 

Evploratoiy thoracotomy was performed on 177 patients. The operation 
was performed on or after Jan. 1, 1940, in 173 cases, to give an op^ability rate 
of 57.7 per cent in the ten-year period from 1940 through 1949. Fi'om Jan. 1 
1945 through Dec. 31, 1949, 124 of 175 patients with pathologically proied 
squamous-cell carcinoma had exploratory thoracotomy. This _ represents an 
operabiUty rate of 71 per cent. The significance of these figures is open to some 
question, however, because eases of bronchogenic carcinoma not verified bj 
biopsy were not included in this series. Perhaps of more importance is the 
resectability rate in those eases in whicli exploratory thoracotomy was done. 
For the ten-year period from 1940 through 1949 pulmonary resection Mas pei- 
formed in 120 of 173 thoracotomies, giving a resectability rate of 69.4 per cent. 
From 1945 through 1949 the resectability rate M-as 71 per cent. 

Pulmonari’ resection was performed in 121 cases. In forti'-two cases the- 
operation was performed more than five years prior to inquiry, and in eighty- 
nine cases more than two years prior to inquiri’. Jlore than ninety per cent of 
the patients who surrfved operation were adequately followed. Table III gives 
the two-j'car and five-year survival rates for the group with pulmonary re¬ 
section. 


Table II. Prognosis for 204 Patients Withovt Pdlmonarv Besection 


PERIOD 

(MONTHS) 


NO operation 


exploratory THORACOTOiTY 

ONLY 

PATIENTS 1 

LIVED 

1 IKDICAT 

1 "number 

BEYOND 

ED PERIOD 1 

PATIENTS 

LIVED BEYOND 
INDICATED PERIOD 

1 TOTAL 

1 TRACED ' 

'per cent* 

. TOTAL 

1 TRACED 1 

XmiBEE iPER CENT* 

6 

195 

161 

S3 

51.6 

53 

43 

29 

67.4 

12 

195 

159 

2S 

17.6 

53 

40 

11 

27.5 

IS 

190 

145 

13 

9.0 

49 

37 

4 

lO.S 

24 

1S7 

156 

5 

3.2 

42 

36 

2 

5.6 

3G 

179 

131 

0 

0.0 

3S 

32 

0 

0.0 


♦Based on traced patients. Inquiry' as of Jan. 1, 1951. Included in the twelve-month 
group are only those patients operated on twelve months or more prior to the time of in¬ 
quin’, that is, operated on in 1949 or earlier; included in the eighteen-month group are those 
patients operated on June 30. 1949, or earlier, and so forth. Hospital mortalitv is excluded in 
the calculation of survival rates. 


There were seventeen hospital deaths in tiie 121 cases in M’hich resection M’as 
done, giving a hospital mortality rate of 14 per cent. Seventy-nine resections 
were performed from Jan. 1, 1946, through December, 1949, unth only five 
hospital deaths, giving a hospital mortality rate of 6.3 per cent. 

Therefore, given 100 patients unth proved primarj- squamous-cell broncho¬ 
genic carcinoma, it can be said on the basis of this study that 71 will be operable, 
50 will have resectable lesions, 47 will suivive operation, and 24 will be alive in 
five years. 


’The calculations of the survival rates avere made hv the rii.oet_*t e 

Berkson and Gage (Proc. Staff Jleet., Wayo Clin. 25: 270-28^5. 19501 described by 
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Table I] I. Survival Rates Following Pulmonary Resection 


PERIOD^ 

1 patients I 

LIVED BEYOND 

indicated period 

YEARS 

1 TOTAL 

i TRACED 1 

NUMBER 

1 per cent* 

2 

75 

68 

38 

55.9 

5 

30 

27 

14 

51.9 


•Based on traced patients. Inquiry as of Jan. 1, 1951. Included in the two-year group 
are only those patients operated on two or more years prior to the time of inquiry, that is, 
operated on in 1948 or earlier; included in the five-year group are those patients operated on 
in 1945 or earlier. Hospital mortality is excluded in the calculation of survival rates. 


FACTORS AFFECTING PROGNOSIS 

Because of tlie unexpectedly survival rate following pulmonary re¬ 
section, an attempt was made to analyze various factors to determine if they were 
of prognostic importance. Neither the age of the patient, the duration of sjanp- 
toms, nor any of the clinical findings was found to affect the prognosis signifi¬ 
cantly. Similarly, the microscopic gi-ade of the tumor did not affect the prog¬ 
nosis. Since more than 99 per cent of the entire group of tumors had areas of 
grade 3 or grade 4 carcinoma present, it is doubtful that grading of these tumors 
is of significance. 

Patients with tumors in the right lung had a slightly higher survival rate 
than those with left-sided lesions. The tivo-year survival rates for these groups 
are shown in Table IV. 


Table IV. The Rel.vtionship of Right-Sided and Left-Sided Lesions to Prognosis 


LOCATION OF 

PATIENTS 1 

LIVED 2 OR MORE YEARS 
AFTER OPERATION 

lesion 

TOTAL 1 

1 traced 

number 

1 PER CENT* 

Right 

44 

39 

25 

64.1 

Left 

31 

29 

13 

44.8 

Total 

75 

08 

38 

55.9 


•Based on traced patients. Inquiry as of Jan. 1, 1951. Included are patients operated 
on two or more years prior to the time of inquiry, that is, operated on in 1948 or earlier. 
Hospital mortality is excluded in the calculation of survival rates. 


table V. The Belationship of Involvement of the Eegional Lymph Nodes to Prognosis 


■ “ 

TWO-YEAR 

FOLLOW-UP 


FOLLOW-UP 

LYMPH NODE 

PATIENTS 1 

1 LIVED TWO OR 

MORE YEARS AFTER 

1 OPERATION 

1 FIVE-YEAR 

PATIENTS 

1 LU'ED five or 

I more years after 

OPERATION 

INVOLVEMENT 

TOTAL 1 TRACED | 

NUJtBEK [per cent* 

TOTAL 1 TRACED 

NUJIBER I per cent* 


Positive 28 24 10 41.7 10 8 2 

Negative _47_44_28_ 63,6 _20_ 19 ^_ ^2 

Total 75 G8 38 55.9 30 27 24 


•Based on traced patients. Inquiry as of Jan. 1, 1951. Included in the two v^nr 
arp onlv those patients operated on two or more years prior to the time of 
onlra"ed on in 1948 or earlier; included in the five-year group are those patient^”"'^’ ‘I’N ‘n 
in 1945 or earlier. Hospital mortality is excluded in the calculation of s*m-vfvlf 


Eegional lymph nodes were involved with carcinoma in 43.7 per cent of 
the eases in which resection was performed. A sharp fall in the survival rate 
of those patients with positive findings in the regional lymph nodes was demon¬ 
strated only in the five-year follow-up studies, and then in an inadequate num- 
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ToIiIp V shows the two-vear and five-year swx- 
5 vaf raSr/or tL^e" palTeBl. vvi.h and without mvolvemeut of the regional 

Ivmnh nodes. , 

Another factor which seemed to affect the prognosis adversely was the 

„met.ce of .1 ateess m the feseeted speetaea. This oecuTed m per eept 
and of the eleven patients followed two or more years, only four, oi 36.4 per 


cent, lived tiro years. 

The most significant prognostic finding, however, was the size of the gross 
lesion. The two-year sum-ival rate for patients with gross lesions smaller than 
2 by 2 by 2 cm. was 7S.9 per cent, while only 23.1 per cent of patients with 
lesions larger than 5 by 5 by 5 cm. survived two years (Table TI). 

It was then noted that many patients ivith large gross lesions had a liilar 
mass reported on their chest roentgenogram, while many patients with small 
lesions had ohstmetire pneumonitis but no hilar mass on their chest roentgeno- 
sn-am. Table TTI shows the two-year sim-ival rates for patients -with various 
roentgenologic findings in the chest. 


Table TI. EEL-vnoKssip or the Sue or the Gross Lesion ro Prognosis 


i 

] 

1 

PATENTS 

urn? Tvro 
ArXET. 

or. MORE YEARS 
OPERATION 

SEE or GROSS XESION ! 

TOTAL 

i TPACED 

KCMBER 

j PEF. CENT* 

?zus)ler than 

2 bv 2 bv 2 cm. 

23 

19 

15 

7S.9 

From 2 by 2 by 2 
to 3 bv 5 bv 5 cm. 

39 

36 

20 

55.6 

Larger than 

5 by 5 by 5 cm. 

13 

13 

3 

23.1 

Total 

75 

6S 

SS 

55.9 


•Based on traced patients. Inauirr as of Jan. 1 . 3Pol. Included are patients operated 
on two or more years prior to the time of inquiry, th.it is. operated on in 194S or earlier. 
Hospital mortality is excluded in the calculation of survival rates. 


These findings strongly suggest that patients with small partially obstruct¬ 
ing tumors, shomi in the roentgenogram of the chest by obstmctive pneu¬ 
monitis, have a two-year survival rate of approximately SO per cent. All these 
patients should therefore have repeated spntnm studies and bronchoscopy in an 
effort to determine if the tumor is of the squamoiis-cell vaz'ietr. If so. a veiw 
favorable prognosis may be given. 


T-IBEE YII. EEIATIONSKSP of the EOKSTGENOEOOIC FiXPtXGS IN THE ChEST to Pr.OGNOSIS 


r.OENTGENOLOGIC FlNDrNGS 


PATSENTS 


Hflar mass 
Atelectasis tvithout lulat 
ma?; 

All others 
Total 


TOTAh 


TRACED 


LIVED 2 OR MORE TEARS 
after OPERAXIOX 


NTMBEi: 


23 

IT 


1? 

IG 

3.3 


PEE CENT* 


•ir.4 

S1.3 


16 


6S 


4S.5 


3S 


55.9 


Base<i on trace<l patients. Inquiry as of Jan. 1 Itsi TnrI.mZm; —y—~— -— 

on two or more .vears prior to the time of inquin-. that is operated 

Hospital mortality i? excluded in the calculation of survival ra^^' ^ ^ 1P4S or earlier. 
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summary 

On the basis of definite criteria set up for the diagnosis of primary squa¬ 
mous-cell bronchogenic carcinoma, records of 373 microscopically proved cases 
were found in the surgical files of the Mayo Clinic tlirough December, 1949. 
Thirty seven and eight-tenths per cent of all primary bronchogenic carcinomas 
in this series were squamous-eell in type. Squamous-cell bronchogenic car¬ 
cinoma rarely occurred under tire age of 40. Only 3.5 per cent were females. 
Bronchoscopy gave positive results in 64.5 per cent of 121 eases in which re¬ 
section was done. Cytologic examinations gave positive results in 72.4 per cent 
of 116 eases. 

The two-year survival rate in the absence of resection was 3.6 per cent. No 
patient survived three years wil.liout pulmonary resection. 

In the five-year period from 1945 through 1949, 71 per cent of 175 patients 
with pathologically proved lesions had exploratory thoracotomy, and 71 per 
cent of the 124 thoracotomy patients had pulmonary resection. Both the five- 
year survival rate and the two-year survival rate for those patients who sur¬ 
vived pulmonary resection were more than 50 per cent. Left-sided lesions, 
lung abscess, and involvement of the regional Ij^mph nodes all affected the 
prognosis adversely, but the finding of greatest prognostic importance was the 
gross size of the lesion. 

The hospital mortality rate was only 6.3 per cent for S(?ventj’’-nine pul- 
monaiy- resections performed from Jan. 1, 1946, through December, 1949. 



BRONCHOGENIC ADENOCARCINOMA 

liUTTHEW M. Patton, M.D.,^- John R. McDon.^ld, 
and Herman J. iloEuscH, 1R.D.*‘^“- 
Rochester, ^Iinn. 


'“pHB differentiatioD of adenocardnoma from the other tj-pes of hronchogenic 
i carcinoma is based on the microscopic evidence of glandnlav formation or 
function. The criterion used is the finding of definite alveolar, acinar, or papil¬ 
lary structures or the formation of extracellular or intracellular mucus, ivith 
columnar or cuhoidal configuration of the cells (Fig. 1). Of course, all general 
criteria of malignancy must he met. It should he emphasized that the adeno¬ 
carcinoma pattern should be predominant or, at the very least, present in a 


significant number and area of the microscopic sections. 

Three specific pitfaUs to the correct diagnosis should be mentioned. First, 
bronchial adenomas should he excluded because of their different origin and 
behavior. Second, alveolar-cell carcinomas, although probably a definite entity, 
should be excluded because they arise from the alveolar mail and are therefore 
not strictly bronchogenic. Third, the bronchial glands in the vicinity of any 
neoplasm have a tendency to become hyperplastic and disorganized, and, unless 
care is taken, their appearance may lead one to a false diagnosis of adenocar¬ 
cinoma. present studx 


To the best of our knowledge, all eases in which there was a primary car¬ 
cinoma elsewhere in the body have been excluded, whether or not we felt that 
the bronchial lesion was primary. Therefore we believe that the study concerns 
only the cases of primary adenocarcinoma of the bronchial epithelium. This 
study is based on 132 cases of adenocarcinoma from the surgical pathology 
laboratories of the Mayo Clinic through 1949. In forty cases the specimens of 
tissue were obtained at I’esectiou, and in ninety-two cases they were obtained at 
biopsy, sixty-seven of which represented bronchoscopic biopsy only. 

There were 849 proved cases of primary bronchogenic carcinoma through 
194S, 112 of which were adenocarcinoma, giving a ratio of 13.2 per cent. This 
contrasts markedly with other series in the literature in which a higher ratio is 
shown, but it must he. remembered that bronehial adenomas, a large-cell group, 
and any lesions that might have been metastatic were eliminated. 

The yoimgest patient in this group was 3.1 yeare of age, and the oldest 70 
years. The average age v\'as 53.3 years. Table I shows the age distribution by 
decades. It can be seen that more than 90 per cent of the patients were in the 
age group 40 to 69 years, and nearly half were in the age group 50 to 59 rears 
Tliere were twenty-six women, representing 19.7 per cent of the total 

In the forty cases in which specimens obtained at resection were available 
the point of origin of the tumor was determined as closelv as possible It mas 
decided to regard those lesions in the primary and secondan- bronchi as central 
and those in the tertiary bronchi or beyond as peripheral (Fiv 2) IVith 

of classifying the tumors, twenty-six of the forty cases in which resection 
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Table L Age Distribution in 132 Cases of Bronchogenic Adenocarcinoma 


AGE 1 

(years) I 

CASES 


PER CENT 

30-39 

12 


9.1 

40-49 

28 


21.2 

50-59 

56 


42.4 

00-09 

35 


26.5 

70 

1 


O.S 

TOTAL 

132 


100.0 

AIEAN AGE 


53.3 years 




Fig, 1.— a, Papillary type of adenocarcinoma (hematoxylin and eosin X150). h, AIucus- 
producing- type of adenocarcinoma with both extracellular mucus and signet-ring cells (hema¬ 
toxylin and eosin XlCO). 


was performed (65 per cent) Mmrc found to represent peripliera] lesions, and 
fourteen eases (35 per cent) represented central lesions (Fig. 3 ) 


Thirt.v-six of the patients underwent bronc.hoscop}- prior to operation; in 
nine of these bronchoseopic biopsy gave positive results. All those with positive 
results on biopsy had lesions that were judged as being centrally located when 
the gross surgical specimen was examined. While these nine patients with 
positive results on biops 3 ^ represented onW 25 per cent of the total patients 
who underwent bronchoscope’', thej^ nevertheless lepresented 64.3 per cent of the 
eases in which the lesions were centrally situated. 

The symptoms were in generally those of any type of bronchogenic car¬ 
cinoma. The five most prominent sAmiptoms were cough, pain, loss of wei-ht, 
hemoptysis, and dyspnea in the following mcidence: cough, 83.8 per cent; p“ain 
or aching in the chest, 49.6 per cent,-loss ot weight, 48^/ Per cent; blood-.streaked 
sputum or hemorrhage, 47.0 per cent; and dy.spnea, 24.1 per cent. The average 
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^section .. dooe. Detai. ave ,iven in 

examination of the sputum and lironohial secretions for malignant 
cells lias done in fiftv-one cases, and such cells ivere found m thirty-two eases 
(6‘> 7 per cent). Of the nineteen cases in which negative results were obtained, 
in twelve the examinations were judged inadequate, that is, less than thiee speci¬ 
mens for ci-tologic examination were received m the ^^^f 

eases excluded, cytologic examination gave positive results in 8^.1 pel cent of 

the adequate examinations. 



Fig. 2.—a, T>*plcal central bronchogenic adenocarcinoma in the bronchi of the main and 
lower lobes of the right lung, h. Typical peripheral bronchogenic adenocarcinoma in the apex 
of the left lung. 


From 1940 through 1944 there were forty-four cases; in thirteen of these 
(29..5 per cent) exploration was carried out, and in five cases (11.4 per cent) 
resection was done. Thus resection was done in 38.5 per cent of the eases in 
which exploration was carried out. From 1945 through 1949 there were sixty- 
seven eases, with forty-six explorations and thirty-four resections. This gives 
an exploration rate of 68-7 per cent, and a resection rate of 50.7 per cent. In 
73.9 per cent of the eases in wliich exploration was done, resection was carried 
out. Apparently the higher resection rate of the latter group is due partially 
to a liigher rate of exploration and partially to an increase in the cases selected 
for resection at exploration. 

In three of the eases, reports of roentgenologic examination Avere not avail¬ 
able. In all the remainder, abnormalities rvere found in the roentgenograms 
of the ehe.st, but it was felt that in 12 per cent of these eases bronchogenic car¬ 
cinoma was not suspected. In the cases in Avhich it was judged that carcinoma 
was unsuspected on roentgenologic examination, such diagnoses as '‘tuhercu 
losis.” “empyema Avith tuberculosis,” and “bronchiectasis-^vere the most com' 
mou. In the remainder of the ca.ses, or 88 per cent, it was felt that bronchocenie 
carcinoma was cither suspected or should liave been. .Such diagnoses as “mass 
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in the right midlung field,” “bronchial obstruction with atelectasis,” or “atelec¬ 
tasis” alone, as well as “bronchogenic carcinoma” or “rule out malignancy" 
were accepted as evidence that primary bronchogenic carcinoma was suspected. 

On attempting to grade the lesions according to the method of Broders, we 
were immediately faced with the problem that the individual cases not only 
varied as to cell type throughout tlie lesion, but that they varied likewise as to 


Anterior - Posterior 



Fig. 3 ._Position of the tumor in forty cases of bronchogenic adenocarcinoma in which re¬ 

section was performed (anteroposterior view). Each dot represents an individual case. 

grade. It was felt, however, that the grade should be called according to the 
highest grade found in the lesion, since presumably that portion of the tumor 
would be the most malignant and the most likely to metastasize. It was found 
that there was rarely more than one grade difference in an individual tumor; 
Table II. Duration of Symptoms in 132 Cases of Bronchogenic Adenocarcinoma 


duration op 

SOURCE OF 

' SPECIMEN 

SYMPTOMS, 

BIOPSY, j 

RESECTION, 

months 

PER CENT OP 92 CASES 

2.2 

per CENT OF 40 CASES 


1-3 

4-6 

7-9 

10-12 

13-24 

25-36 


17.4 

26.1 

21.7 

20.7 
12.0 

0 


mean 


7.9 MONTHS 


22.5 

22.5 
10.0 

5.0 

17.5 
2.5 


6.8 MONTHS 
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that is, if ive found a tumor which we graded 3, there might be and usually was a 
significant portion of the tumor which could be graded 2, but rarely anj potion 
of the tumor which could be graded 1. Using this sj’stem we found that 11 ( o 
the 132 lesions, or 8S.6 per cent, were grade 3 and grade 4, while fourteen lesions, 
or 10.6 per cent of the total, were grade 2, and one lesion was grade 1. Thus 

most of the patients had high grade lesions. 

Pneumonectomy or lobectomy for carcinoma of the bronchus was performed 
on forty patients of this series, with six hospital deaths (15 per cent). These 
operations are rather recent procedures in surgery, and tliis fact u as ei ident when 
we tried to get an idea about prognosis in this group. Onlj sixteen patients in the 
series were operated on prior to 1947, and nearly half of the patients Mere 
operated on in 194S or 1949. For tliis reason we felt that prognosis could be 
logically calculated only on a short-term basis (Table III), hlore than one-half 
of the patients who were operated on are alive at the end of one year, and a 
third Trill be alive tM'o years after operation. This indicates that the prognosis 
in tliis type of bronchogenic carcinoma is poor, but it will take the test of time 
to prove whether or not the prognosis is as bad as is indicated by this series. A 


Table m. Sortital Bates roK Patiekts With Broxchogexic Adexocarcisoma 

FOLLOWIXG PXEUlIOXECTOMY OR LOBECTOMV 


PrRIOD, 

PATTEXTS 


1 LIVED BEVOXD 

1 IXDICATED EERIOD 

TEAKS 

1 TOTAL 1 

TRACED 

1 XTJMBER 1 PER CENT* 

1 

34 

28 

16 57.1 

2 

23 

21 

7 33.3 


•Based on traced patients, inquirj- as of Jan. 1. 1951. Included in the one-year group 
are only those patients operated on one or more years prior to the time of inquiry, that is. 
operated on in 1949 or eariier; the two-year group includes only those patients operated on 
in 194S or earlier. Hospital mortality is excluded in the calculation of survived rates. 

breakdoM'n of the seven patients who survived two or more years following 
operation revealed that three patients died during the third year following 
operation, and the remainder were still alive: one was alive during the tliird 
year foUoM'ing operation, two were alive during the fifth j-ear, and one was alive 
more than ten years folloMung operation. This at least indicates that though 
the prognosis may be bad it is not hopeless, and some patients may survive for 
relatively long periods after operation. 


SUMMARY 


The criteria for diagnosis of bronchogenic adenocarcinoma have been pre¬ 
sented, and certain aspects of diagnosis reidewed. It M'as found that 13.2 per 
cent of all primaiy carcinomas in this series M-ere adenocarcinomas, and that 
about one-fifth of the patients were females. The majoritv of tumors were of 
peripheral origin which was reflected in the low rate of positive results on 
biopsy. Ci-tologic examination gave positive results in about SO per cent of 
cases. Apparently sjmptoms, age distribution, and roentgenologic findings 
lore similar to those of other ti-pes of bronchogenic carcinoma. The prognosis 

Mho survive resection die. paiienrs 

method as described by 






BRONCHOGENIC LARGE-CELL CARCINOMA 

Matthew M. Patton, John R. McDonald, M.D.,*'® and 

Herman J. Moersch, 

Rochester, Minn. 

T he microscopic diagnosis of tlie iarge-cell type of bronchogenic carcinoma 
is primarily a diagnosis of exclusion. In examination of the tissue in 
any large group of eases of bronchogenic carcinoma, it is possible to separate 
a group of typical squamous-cell carcinomas and a group of small-cell carcinomas 
according to the microscopic criteria given elsewhere in this series of papers. We 
chose to adhere strictly to the criteria given for small-cell carcinomas, and to put 
in the squamous-cell group every case in which thei'e was definite evidence of 
squamous-cell criteria as given elsewhere. Separation of these two groups 
leaves one with a group of adenocarcinomas and a group in which a specific type 
of carcinoma cannot be diagnosed with any certainty. For the latter cases a 
diagnosis of high-grade carcinoma, type indeterminate, would seem to be the 
most valid one. It is these cases that we have chosen to call “large-cell car¬ 
cinomas, ’ ’ both because bj^ this means it is possible to bring them together for 
easy reference, and because in most of the cases the lesions are characterized by 
being composed of relatively large cells. Unfortunately, however, the border 
of differentiation between adenocarcinoma and large-cell carcinoma cannot be 
so easil}' defined as that between large-cell carcinoma and squamous-cell car¬ 
cinoma, or between large-cell carcinoma and small-cell carcinoma. We have 
chosen, therefore, to be as strict as possible in defining adenocarcinomas by say¬ 
ing that the adenocarcinoma pattern must be present in a majorit}'^ of the micro¬ 
scopic sections and in a significantly large area as stated in another paper of 
the series. 

The cellular pattern of the large-cell group is bizarre with marked variation 
in the staining qualities and size of the individual cells. The nuclei tend to be 
large and rather dark with prominent nucleoli, there ma.y be many mitotic 
figures, and there may- be giant-cell forms. The cells may be angular, oval, or 
spindle-shaped, and tliey tend to be closely packed in a medullary or pseudo- 
alveolar arrangement. Nearly always there are areas of necrosis wliich may 
show fragmented bits of cells intermingled with leucocytes, vdiicli may be hemor¬ 
rhagic, which may be fibrotic, or which may show any combination of these. 
There also is usually evidence of a highly malignant potential, both as to local 
destruction of tissue and as to invasion of lymphatics and blood vessels (Fio’ 1) 

THE present study 

In this study^ all cases in which there was a primar.y carcinoma elsewhere 
in the body were eliminated to the best of our knowledge, whether or not we 
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In the series of 384 eases the youngest patient was 22 years old, the oldest 
80 j^ears of age. The average age was 55 j'^ears. The age distribution by decades 
is given in Table I. It can be seen that more than 90 per cent oj: the patients 
were in the age group 40 to 69 years, and nearly half were in the group 50 to 
o9 j^eais. This is about the same ratio as that for the other types of bronclio- 
genic carcinoma, nearly all the patients being over 40 years of age. 


Anteviop - Posterior 



Fig. 


2 . 


•Location of the lesion in eighty-five of tlie eightv-seveo 
; location could be determined (amfropos?eAo 


cases of resection in which 
view). 


There were fifty-six females in the group, representing 14 6 per cent of the 
total. This is close to the percentage of 19.7 for females with adenocarcinoma 
and It contrasts markedly with the percentage of 3.5 for females with sauamous- 
cell carcinoma and 3.3 for females with small-cell carcinoma ^ 

The eighty-seven, surgical specimens were examined grosslv T ’ 

the primar3^ or seeondarj^ bronchi were classified as central, and th 

•tertiary bronchi or beyond as peripheral. It was found that lift ^ 

57.5 per cent, were central and that thirtj^-seven, or 42.5 per cent w 

eral, giving a ratio of 1.4 to 1. The ratio of central to peripherarr*^-^^^^T 

each of the other three t3T5es of bronchogenic carcinoma was as follo^ 

cell carcinoma 27.7 to 1; squamous-cell carcinoma, 1.9 to 1; and adenn!!!' 

^'^^a.rcinoma, 
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0 54 to 1 In most of the cases the lesion was in the right main, upper, and 
o.oi to i. ,,T>ripr lobe (Fi" 2). The left lower lobe was 

lower lobe bronchi and in the left upper looe tri,,. j , - 

apparentlv rarelv involved. This same phenomenon was obseiwed m the adeno¬ 
carcinoma aroup and in the squamous-cell carcinoma group, but whether this 
was real or'^only apparent and whether we were missing those lesions in the left 
lower lobe is impossible at tliis time to determine. 

Table I. Age Distkibctiok by Decades ix SSt Cases of 
Beoxchogexic Iarge-ceel Cakcixoaia 


AGES, YEARS 


CASES 


PER CEXT 


20-29 

30-39 

40-49 

50-59 

60-69 

70 OR lIORE 
~TOEAL 


IS 

59 

179 

117 

S 


384 


O.S 

4.7 

15.4 
46.6 

30.4 
2.1 

100.0 


nEAX AGE 


55.0 YE.AES 


In seventy-five of the cases in which resection was performed, bronchoscopi 
was carried out prior to operation and positive results on biopsy were obtained 
in thirty-one of these. In all those in which biopsy gave positive results the 
lesion was shown to be central at the time of resection. These thirty-one cases 
represented only 41.3 per cent of the cases in which bronclioscopy was performed, 
but they represented 62 per cent of all the central lesions. 

Symptoms present were, in general, those of any tiiie of bronchogenic car¬ 
cinoma. The five commonest symptoms were cough, loss of weight, pain, hemop¬ 
tysis. and dyspnea in tlie following incidence: cough, 80.7 per cent; loss of 
weight, 54.4 per cent; pain or aching in the chest, 47,9 per cent; blood-streaked 
sputum or hemorrhage, 44.0 per cent; and dyspnea, 29.5 per cent. The average 
duration of symptoms from onset to histologic diagnosis was 8.4 months in the 
cases in which biopsy was done and 6.4 months in the cases in which resection 
was peiformed (Table 11). 

Cj'tologic examination of the sputxun and hronehial secretions for malignant 
cells was performed in 144 eases and malignant cells were found in 111. or 77.1 
per cent. Cytologic e.vamination was judged as inadequate in twenty of the 
thirty-three cases in which the results were negative, that is, inadequate in that 
lo=;s than three specimens for examination were received in the laboratory. IVith 
these excluded, cx-tologie examination gave positive results in 89.5 per cent of the 
cases in which an adequate nnmher of specimens Avere available. 

From 1940 through 1944 there were 105 cases, in thirty-four of which ex¬ 
ploration was carried out-, resection was done in twelve of the thirtv.four cases 
This gives an exploration rate of 32.4 per cent, a resection rate of 114 per cent 
and a ratio of resection to exploration of 35.2 per cent. Prom 1945 throun-h 
1949 there were 200 cases, in 116 of Avhich exploration was performed- in 65 of 
the 116 resection was done. This gives an exploration rate of 58 p^ cent a 
resection rate of 32.5 per cent, and a ratio of resection to exploration of '.56 
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Table II. Dukation op SYjipiojrs in 384 Cases of 
Bronchogenic Large-cell Carcinoma 


DUKATION OK SYMPTOMS 
(MONTHS) 

SOUKCE OF i 

SPECTMEN 

BIOPSY 

(PEIi CENT OF 297 CASES) 

RESECTION 

(PEK CENT OF 87 CASES) 

asymptomatic 

2.4 

12.6 

1-3 

22.9 

24.1 

4-G 

30.0 

29.9 

7-9 

15.2 

14.9 

10-12 

13.8 

4.6 

13-24 

12.8 

10.3 

25-36 

2.7 

3.4 

MEAN 

8.4 MONTHS 

6.4 MONTHS 


per cent. Apparently the higher resection rate in the latter group was due 
both to a higher rate of exploration and to a higher rate of resection in the 


eases in which exploration was done. 

In ten cases, reports of roentgenologic examination were not available. Ot 
the remainder, in eight the I'oentgenograms were reported as nomal, and m 
five they were reported as normal, but tbe notation was made in the latter cases 
that the pulmonary fields were obscured by residual oil. In all the remaining 
cases there were abnormal roentgenologic findings, but it was felt that in 12-5 
per cent of thesej bronchogenic carcinoma was not suspected. In those m 
which we felt that bronchogenic carcinoma was not su.spected, the diagnosis 
most often made was pulmonaiy tuberculosis. 

With this cell tj^pe of bronchogenic carcinoma there is no grading problem, 
because by definition all the lesions must be grade 4. 

It has already been pointed out in this series of papers that resection of 
portions of the lung for carcinoma has been rather a recent development in 
surgeiy. There were twelve hospital deaths (13.8 per cent) among the eighty- 
seven patients in this group. Only^ twenty^-six of eighty-seven patients were 
operated on before 1947, and forty-one, or nearly half, were operated on during 
1948 or 1949. It was felt, therefore, that survival rates^' should be calculated 
only on a short-term basis (Table III). Forty-eight and six-tenths per cent of 
the patients were dead in a yeai*, and 56.4 per cent were dead within two years. 
A breakdown of the twenty-four patients who lived two or more years following 
operation is as follows: six patients died in the third year following operation, 
one in the fourth year, and three in the fifth ymar; five patients are jiving in 
the third year following operation, five in the fourth year, two in the fifth .Year, 
and two patients are still living more than ten years following operation. This 
indicates that prognosis is poor in this type of bronchogenic carcinoma, but 
perhaps not as had as that for bronchogenic adenocarcinoma or small-cell car¬ 
cinoma and not nearly as good as that for squamous-cell carcinoma. The reader 
will recall that the large-cell type of bronchogenic carcinoma is the one in which 
the cells are so anaplastic that no more specific tyqie of microscopic diagnosis 
should be made than that of “high-grade carcinoma, type indeterminate.'’ 
These, therefore, should logically he the most malignant and carry the poorest 
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prognosis of all types of brouchogenie carcinoma vrith the exception of the small¬ 
cell type. 'We have taken the surprising sunival of some of these patients to 
mean that a goodly proportion of the lesions actually must he squamous-cell 
carcinomas which are of such liigh grade that they cannot he so diagnosed, and 
yet cariy- over some of the better prognosis to be expected of the squamous-cell 
type of bronchogenic carcinoma. 


Tablt m. SrrATVAi, E.^tes ror. Patiexts With Bf.oxchogexic Large-cell Caecixoma 
Followixg Pxevmoxectomv of. Lobectomy 


PEKIOI). 

PATIENTS 

; UTED BEYONP 

INDICATED PEFJOD 

TEAKS 

J TOT.AL 1 TFACEP 

i XTMBEr. 1 

PER cent* 

1 

To 74 

oS 

51.4 

o 

56 55 

24 

43.6 


•Base^ on traced patients, inquirj' as of Jan. 1, 1951. Included in the one-year group 
are only those patients operated on one or more years prior to the time of inquiry, that is, 
operated on in 1949 or earlier: the two-year group includes only those patients operated on in 
194S or earlier. Hospital mortality is excludetl in the calculation of sunival rate 5 . 


SUMMARY 

The criteria for diagnosis of hranchogenic large-cell carcinoma have been 
presented, and the microscopic relation to other types of bronchogenic car¬ 
cinoma remewed. It was found that 40.2 per cent of the bronchogenic carcino¬ 
mas in this series were of the large-ceU type, and that 14.6 per cent of the 
patients were females. Age distribution. sjTnptoms, and roentgenologic findinss 
were sunilar to those in other tj’pes of bronchogenic carcinoma. The ratio of 
central to peripheral lesions was found to he 1.4 to 1 for laife-cell carcinoma, 
as compared with 1.9 to 1 for squamous-cell carcinoma, 27.7 to 1 for smaU-cell 
carcinoma, hut with 0.54 to 1 for adenocarcinoma. C\-tologic diagnosis save 
positive results in nearly 90 per cent of adequate examinations. About o.5"per 
cent of the patients who survive re.seetion die within two yeara. This indicates 
a poor prognosis in this tj-pe of bronchogenic carcinoma, hut perhaps the pro''- 
nosis IS not as had as that for bronchogenic adenocarcinoma or small-cell car¬ 
cinoma. and not nearly as good as that for sqnamous-cell carcinoma. 



HEMODYNAMICS; STUDIES ON A GROUP OE PATIENTS WHO 
DEVELOPED COR PULMONALE FOLLOWING THORACOPLASTY 

Henry A. Zimmerjian, M.D.’*' 

Cleveland, Ohio 

has been recognized as a cause of heai’t disease for maRy 
years. Thoracoplasty has been mentioned as a cause for cor pulmonale, but 
has reeeived little attention in medical literature. It is the purpose of this 
paper to report on physiologic observations in a group of five patients who 
developed cor pulmonale within eight to fifteen years following thoracoplasty. 
No special effort or case finding was made to detect these cases. They were 
gleaned from a series of over 650 cardiac catheterizations carried out under the 
direction of the author. 

JIETHOD 

The patients were studied in the basal state with administration of 0.08 6m. 
Nembutal one hour before catheterization. The cardiac outputs, done in 
duplicate, ivere detei’mined by the direct Fick principle. The oxygen consumP' 
tion of the patient was determined by measuring the volume of inspired air on 
a speeiallj' designed gas meter,* and the oxygen content of the expired air and 
of the room air was determined by means of a Pauling oxygen analyzer. The 
blood oxygen contents were determined by the spectrophotonietric method of 
Hiekam and Fraser.* Pressures in the femoral artery and from the right side 
of the heart, as ^vell as the electrocardiograph and phase of respiration, were 
recorded on a six-channel oscillograph by means of Statham gauges and strain 
amplifiers.* 


CASE REPORTS 

A clinical resume of the five cases studied is as follows: 

. ^ mV jears, female. Ten-rib left thoracoplasty fourteen years ago 

for tuberculosis. The patient did well until , tj 

Physical examination: vital capacity, 40 per cent of normalT p! greatt than'^ p! shock 
was felt. Bight ventricle was acW Regular sinus rhythm. Rigbt axis deviation'in the 
ekctocardiogram and pulmonale P waves. On fluoroscopy there was a Lge pulmonary 

CASE 2.-C. B., aged 39 years, male. Eight-rib thoracoplasty on left in 1937 for 
tuberculosis. Upper sLx ribs and corresponding second stage in November 19w TlnVd stage 
consisted of transverse processes in 1938. History of cardiac failure f ™ ®‘.® 

to admission. Summarj- of cardiac findings showed P, to be greater than A weeks prior 
murmurs, regular sinus rhythm. The electrocardiogram showed the heat/ ' 

tendency to right axis deviation, and peaked P waves, Leads If and ItT ® 

of the heart was unsatisfactory due to distortion caused by nrec^rlm "^uo^oscopy 

capacity was 34 per cent of normal. ^ operations. Vital 
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C\SE 3—M A' a^ed 33 vears, female. First stage, left thoracoplasty in October, 
1941 r^ith vital capadtv'sG per "cent of normal. Second stage, posterolateral in Xovembe^ 
1941 -anterolateral cartilages 1, 2, and 3, and anterior segments of 2, 3, and 4, and peaked P 
waves in Leads H and in. Vital capacity was 30 per cent of nomal. Third stage, eight-nb 
anterolateral in January, 1942, rvith vital capacity 30 per cent of normal. Cardiac findings: 
loud P., regular sinus rhythm. The electrocardiogram showed large P waves, right axis 
deviation. Prominent pulmonary arteiy on fluoroscopy. 

Q^gj; 4 . yi. aged 41 years, male. Seven-nb thoracoplasty in December, 1939. 

Vital capacity was 55 per cent of normal. Cardiac findings: P; greater than A,, regular 
sinus rhythm, no murmurs. The electrocardiogram showed prominent P waves. Leads II and 
in. Fluoroscopy unable to evaluate due to distoition of chest wall. Vital capacity in 
May, 1940, was 51 per cent of normal. -At time of study vital capacity was 44 per cent. 

C.iSE 5.—-A. E., aged 50 years, male. Tuberculosis with emphysema since 1933. Oleo¬ 
thorax foUowed by thoracoplasty and phrenic crush in 1936. First stage on March 4, 19o6, 
idtal capacity was 52 per cent of normal. Second stage on March 2S, 1936; vital capacity 
was 28 per cent. Third stage on April IS, 1936; rital capacity was 30 per cent. The three 
operations resulted in the removal of varying lengths of ribs one to ten and the correspond¬ 
ing transverse processes. Four montlis before study he began to develop shortness of breath. 
Cardiac findings: A„ greater than P,, regular sinus rhythm, no murmurs. It was difficult to 
interpret heart size due to chest deformity. The electrocardiogram showed left axis deviation. 
Semi-horizontal heart, moderate right and left ventricular hypertrophy. On fluoroscopic 
examination the pulmonary arteries were prominent, and the right ventricle appeared slightly 
enlarged. 

RESULTS 


Table I siunmarizes the results of the physiological studies in these five cases. 
All had marked elevation in pulmonary artery pressure, and pulmonaiy re¬ 
sistance ivas markedly increased. The pulmonary diastolic pressures tvere 
markedly elevated from 100 to 500 per cent above normal. The above changes 
are consistent •nith those found in another group of patients studied who had 
COT pulmonale from a variety of causes.'* 

Pulmonary capillary pressures were measured in two patients, and were 
found within the range of normal. Dexter® was the fiist to show that patients 
with cor pulmonale had normal pulmonary capiUaiy pressures. This has been 
confirmed by us. 


The problem of cardiac output in patients -with cor pulmonale still is not 
clear. AA e have observed patients with cor pulmonale in failure without elevated 
cardiac outputs, and again we have observed elevated outputs in patients with 
cor pulmonale and congestive failure.* It would appear that the degree of 
anoxia and the amount of low-grade chronic infection that is present^in the 
lungs of this tv-pe of patient determine, in a sense, the output gradient. 


DISCUSSIOX 


paiients with thoracoplasty should develop cor 
pulmonale, if the remaining lung has no disease. In these five patients the dis¬ 
ease was limited to one lung. 

Ackerman and Kasuga,« in 1941, conducted a survev of the various changes 
that chronic productive tuberculosis with emphysema, ma”r?erpnelothorax 
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Of Ions duration, and thickened pleura, sometimes gave rise to the right side 
hypertrophy. Finally they claimed thoracoplasty may he a factor in the p 
duction of the right-sided venti'icular hypertrophy. 

Hi^crins,^ in 1944, in a series of 600 autopsj' eases of pulmonary tuhercu- 
losis, ohrerved a slight increase in the ^^•eight of the right ventricle. He jas 
unable to find a correlation betrveen right-side hypertrophy and indiMdua 
collapse therapy, although he did observe a eoiTelation rvith the duration ot the 


disease. 

Grisss. Cogain, and Evans- studied a series of 18,000 aiitopsied cases rvith 
a lieu to ascertaining the extent to which chronic pulmonary diseases led to 
cor pulmonale. They found the wall of the light ventricle at least 0.5 cm. thick 
in more than 50 per cent of the cases of emphysema, but in only b. i per cent of 
the 1,470 cases of pulmonary tuberculosis. 

However, the great numerical supeiioiity of the latter cases meant that 
they found hypertrophy of the right ventricle more often in cases of pulmonary 
tuberculosis than in any other disease of the lungs. 

Gibbon. Hopkiiison, and Chnrcliill,® in 1932, showed in animal experiments 
that signs of cor pulmonale did not appear until at least 60 per cent of the blood 
flow through the pulmonaiy’ artery had been cut o2. Eecently, we have shown 
that although there is a transitory marked rise at the time of tying off of the 
right or left pulmonari' arteiy during a pneumonectomy, this pressure soon 
begins to return to a normal level by compensation of the remaining vascular 
bed. and usually by the time this operation is completed, the pressure had 
returned to preoperative levels.'® 

Cournand” has also shovvn in studies that the pressures in the piilmonary 
artery, after patients have had pneumonectomy, are still in the normal range if 
they had no disease in the remaining lung. He has measured pressures in the 
pulmonaiy arteiy several years after pneumonectomies and has found normal 
values. 


Bruce'= reported on two eases of thoracoplasty who developed cor pulmonale. 
])roved at autopsy. He emphasized the fact that after operation the thoraco- 
plastie patient often showed a striking gross anatomic resemblance to the 
kyplioscoliotic patient, as usually a defoimity of the chest develops in connection 
with the operation, and this deformit.v involves the spine and gives rise to a 
more or less pronounced spinal cuiwature, with the convexity to the operated 
side. Bruce also pointed out that in spontaneous thoracic deformities, scoliosis, 
with the convexity on the right side, is for some reason more common than 
.scolio.sis with left side convexity. It has been claimed that cardie pulmonary 
iusuffieiency, especially, tends to appear wlien the deformity is accompanied by 
right-.rided compensatory compressions of the left side of the thorax which, in 
tnrn. has a specific effect on the heart and the conditions under which it fiine- 
tious. Three of our five cases had left-sided thoracoplasties. 

Certain it is that thoraeopla.sty has a great deal to offer the selected case of 
tuberculosis. However, one of the complications that a patient ivith a thoraco 
jdastvy may encounter is cor pulmonale. It would also seem difficult to predict 
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the patient m'Iio will develop cor pulmonale following thoracoplasty. Certainly 
it is, the more extensive the collapse the greater tlie chance of developing cor 
pulmonale. 

SUMMARY 

Five patients with a thoracoplasty who developed cor pulmonale as a com¬ 
plication are reported with ph 3 ’’siologieal studies. All five patients studied had 
t.vpical findings, on intracardiae catheterization, of cor pulmonale. 
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SOLITARY PUL^IOYARY ADEYO^IA (FOCAL PULlilOYARY 
ADENOIRATOSIS): A THREE-YEAR FOLLOYT-UP 
AFTER RESECTION 

George P. Rosemoxd, YL-H.,* Eatharixe R. Boucot, axd 

ERXEST AEGERTEB, :M.E. PHTLADEUPmA, Pa. 

U NTIL I'ecentlv, the diagnosis of pulmonary adenomatosis vras made only at 
autopsy. Honever. an increasing awareness and interest in this entity has 
resulted in a number of instances of clinical diagnoses and. in a few, of treat¬ 
ment by surgical resection. 

From 1S96, when Liringood^ described the multicentric natru'e of spontane¬ 
ous luns tumors in mice, there has been controversy as to the origin of the 
tumors of pulmonary adenomatosis and of alveolar cell carcinomas of the lung. 
However, there has been fair agreement on the multicentric nature of these 
tumors. Delarue and Graham- emphasized this point and cautioned against 
false optimism following resection. They reported a case with an uneventful 
recovery following right lower lobe resection in June, 1943. The patient re¬ 
mained well until the fall of 1946, when he developed a productive cough, weight 
loss, and pain in the right chest and arm. In December, 194T, the remainder 
of the right lung was resected, but there had been invasion of local tissues so 
that, despite the fact that the left lung was still clear in September, 194S, the 
authors felt the prognosis was guarded. 

More recently, Osserman and NeuhoP reported a five year follow-up with¬ 
out recurrence in a 44-year-old woman who had had a left lower lobe resection 
for localized '‘mucoeeUular papillary adenocarcinoma.'’ 

Both the case reported hy Delarue and Graham" and that reported by 
Osserman and Neuhof^ were symptomatic. 

We believe the following case worthy of reporting beca\ise of the yonth of 
the patient, the asymptomatic course, the long preoperative roentgenogi-aphic 
ohservation. and the lack of recurrence over the three-year postoperative period. 


C-VSE REPORT 

JI. C., a 16-vear-old appti<-.ant for a summer job at tbe Pbiladelphia Yaw Turd, liad 
a pre-emplovment 46 mm. pbotofluorogram on June 2!>, ]P 44 (rig. 1 ). a-Iiich Tevealed'a 
small roundeii mass mtli a central are.a of rarefaction at the left base. During this period 
in the survey vrorh of the PMladelphia Tuberculosis and Health Association no routine follow¬ 
up was maintavned. reliance having been placed in the xollow-np bv the plant phvskians In 
the spnng of 1045 . one of the authors, in tahinsr over the survev project, came across the 
photoSuorogiara in a ca.-n.al study of prerious siguiScaat Sims. The ronn<r man had" been 
rej^ted^foT employment because of the findings and the familr had movevl.'co he conld not 
i^e foung until ,Tuly, 154,6, when roentgenogram revealed no change (Figs. 2 and o). He was a 
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tall, ivell-nourislieil lad, entirely without symptoms. He had been a five-letter atldcte in high 
school during 11)44 and 1945. lie was hospitalized for study at Temple University Hospital 
in September, 1945. Bronchoseopic examination was negative. Bronchial secretions yielded 
no tubercle bacilli. Despite a negative first strength P.P.D. test, ho was discharged with a 
tentative diagnosis of tuberculoma. He was followed by .serial roentgenograms and, in 
September, 1947, an increase in the size of the lesion was noted (Pig. 4). He was re-ad¬ 
mitted still asymptomatic. Phvsical examination was negative. Bioirsy by needle aspiration 
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Fig. 1.—June 29, 1944. 70 mni. photofluorog:ram revealed rounded mass u'ith central area of 

rarefaction at left base. 



Fig-. 2. Pig, 3. 

Fig. 2. July 11, 1945, 14 X 17 retake revealed no change. 

Fig. 3.—July 11, 1945. Lateral reveals mass in left lower lobe. 
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Fig. 4.—Sept. 15, 1947. Lesion lias doflnileiy increased in size. 



cells.Pl’otoniierograpl,. lo«- magnincation, 
nonmali^ant '"‘‘Knifieation. 


Fig. 0. 

sKoiving alveolar arrangement 
•showing muein-.secreting cell.s 


of tumor 
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tall, wcll-nouriahed liul, ontiioly witlioiil. symptoms. He liad been a five-letter atidotc in liigli 
school during 1944 and 1945. lie was hospitalized for study at Temple University Hospital 
in September, 1945. Broncho.«(!opic e.vaniination was negative. Bronchial secretions yieWed 
no tubercle bacilli. De.spitc a negative first strength P.P.D. tc.st, he was discharged with a 
tentative diagnosis of tuberculoma, lie was followed by serial roentgenograms and, in 
September, 1947, an increase in the size of the lesion was noted (Pig. 4). He was re-ad¬ 
mitted still asymptomatic. Physical examination was negative. Biop.sy by needle aspiration 
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Fig. 1.—June 29, 1944. 70 mm. photofluorogrram revealed rounded mass with central area of 

rarefaction at left base. 



Pis. 2. 

pig. 2.—July 11. 1945. 
Fig. 3.—July 11. 1345. 


Pis'. .1. 

14 X 17 ret.ake revealed no change. 

Lateral reveals mass in left lower lobe. 
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was noncontributory. Laboratory tests were normal except for a white cell count of 13,000 
with SS per cent neutrophilic leucocytes. At operation, Nov. 4, 1947, a tumor of approxi- 
matelv 7 cm. diameter was found in the left lower lobe, ne.ar the interlobar fissure directh 
beneath the pleura. The entire mass was removed with a margin of lung tissue for biopsy. 

The surgical specimen was a flat piece of tissue covered on one surface by pleura measur¬ 
ing approximately 5 cm. in diameter. The spc-cimcn was about 3 cm. thick. In its substance 
there was a spheroid mass which was rather soft and had a pinkish color. It was in close 
proximity to the pleura along one surface; elsewhere it was poorly delineated, merging imper¬ 
ceptibly into normal lung tissue. ITlien it was sectioned an astonishing quantity of clear, 
stickv exudate emerged. It had the appearance and consistency of rather thin egg white. 
The central portion of the mass was cystic, containing more of this clear exudate. 

Blocks were fixed in formalin solution and sectioned. They presented a bizarre micro¬ 
scopic appearance. The entire mass was composed of alveolar structures which had the size 
and pattern of pulmonarj" alveoli without alveolar ducts (Fig. 5). The walls of these struc¬ 
tures looked like alveolar partitions, and this resemblance was enhanced by the presence of 
several capillary blood channels. Most of the structures were lineil by a single layer of tall, 
narrow, cylindrical cells measuring from 75 to 100 niicra in length and 10 to 30 micra in 
widtli. The nuclei, about 10 micra in diameter, were uniform, darkly chromatinized and 
situated at the extreme bases of the cells. They lacked the appearance which is associated 
with a malignant behavior. The cytoplasm stained poorly and under high magnification was 
seen to consist of various sized globules of mucin. The cells were not ciliated. The alveolar 
lumen was filled with the same mucinous substance which formed the cytoplasm (Fig. 0). It 
was impossible to tell whether the free mucin was formc<l by secretion or by sloughing and 
disintegration of the alveolar lining cells, though there was a considerable amount of the 
latter leaving many of the alveolar partitions completely bare (Fig. 7). 

The postoperative course was uneventful. Focal adenomatosis was the final diagnosis. 
No recurrence has been demonstrable (Fig. S). It is noteworthy that no change occurred 
in this lesion until more than three years after it was first found. 
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Pig'. 7 



■—Pliotomicrograpli oC tumor, showing sloughing and disintegration ot tumor cells 

form sticky exudate. 




No recurrence visible. 
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was noneontributory. Laboratory tests were normal except for a vfblte cell count of 1",000 
with SS per cent neutrophilic leucocytes. At operation. Xov. 4, 1947, a tumor of approxi¬ 
mately 7 cm- diameter was found in the left lower lobe, near the interlobar fissure directly 
beneath the pleura. The entire mass was removed with a margin of lung tissue for biopsy. 

The surgical specimen was a flat piece of tissue covered on one surface by pleura measur¬ 
ing approximately 5 cm, in diameter. The spe-cimen was about 3 cm. thick. In its substance 
there was a spheroid mass which was rather soft and had a pinkish color. It was in close 
pToximity to the pleura along one surface-, elsewhere It was poorly delineated, merging imper¬ 
ceptibly into normal lung tissue. IVhen it was sectioned an astonishing quantity of clear, 
sticky exudate emerged. It had the appearance and consistency of rather thin egg white. 
The central portion of the mass was cystic, containing more of this clear exudate. 

Blocks were fixed in formalin solution and sectioned. They presented a bizarre micro¬ 
scopic appearance. The entire mass was composed of alveolar structures which had the size 
and pattern of pulmonary alveoli without alveolar ducts (Fig. 3). Tiic walls of these struc¬ 
tures looked like alveolar partitions, and this resemblance was enhanced by the presence of 
several capillary blood channels. Most of the structures were lined by a single layer of tall, 
narrow, cylindrical cells measuring from 75 to 100 niicra in length and 10 to fiO micra in 
width. The nuclei, about 10 micra in diameter, were uniform, darkly chromatinized and 
situated at the extreme bases of the cells. They lacked the appeantnoo which is associated 
with a malignant behavior. The cytoplasm stained poorly and under liigb mapiification was 
seen to consist of various sized globules of mucin. The cells were not ciliated. The nlveobar 
lumen was filled with the same mucinous substance v.liich formed the cytoplasm (Fig. G). It 
was impossible to tell whether the free mucin was formctl by secretion or by slouching and 
disintegration of the alveolar lining cells, though there was a considerable amount of the 
latter leaving many of the alveolar partitions completely bare (Fig. 7). 

The postoperative course was uneventful. Focal adenomatosis was tlic final diagno.=is. 
A*o recurrence has been demonstrable (Fig. S). It is noteworthy that no change occurred 
in this lesion until more than three years after it was first found, 
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THE INFLUENCE OP STREPTOMYCIN RESISTANCE UPON THE 
SUCCESS OP CAVERNOSTOMY FOR THORACOPLASTY FAILURE* 

James D. Murphy, M.D., and H. V. Swindeel, M.D., Oteen, N. C. 


'"p'HE August, 1950, issue of The Journae of Thoracic Surgery contained a 
■1 report' of a series of 23 tlioracoplasty failures who were treated at the 
Veterans Administration Hospital, Oteen, North Carolina, with an Eloesser 
type cavernostomy. These patients were operated upon in late 1946 and early 
1947. Streptomycin was not in common use at that time. Only two of the 
patients in the series had received the drug prior to the time when an attempt 
was made to close the cavernostomy sinus. A negative sputum and closure of 
cavity were obtained in 81.2 per cent of sixteen patients. Streptomycin ivas 
used as an adjunct at the time of closure of the residual sinus. The results im- 
, pressed us so favorably^ that we subsequently chose the operation in place of 
resection in a number of instances. 


As the therapeutic application of streptomycin in tuberculosis has become 
more widespread, we rarely receive patients for treatment who have not had one 
or more courses prior to consideration for surgeiy. The patients reported in 
the original study have continued to do well. The series has now been expanded 
to a total of forty-one patients. Twenty-five of these had received streptomycin 
prior to the open cavity drainage. 

More than 3,000 articles have appeared in the literature since the discovery 
of streptomycin in 1944 by Schatz, Bugie, and Waksman,* and the report by 
Feldman and Hinshaw^ concerning its activity againt M. tuberculosis. Many of 
these have dealt with the application of the drug to the surgery of tuberculosis. 

The protective action of streptomycin against spreads, bronchopleural 
fistula, and empyema following thoracic surgical procedures has been repeatedly 
emphasized. As early as 1948, however, evidence began to appear indicating 
that the unrestricted use of streptomycin in thoracic i nrirl 

possibly harmful. At that time tlie Veterans Administration discontinued the 
routine use of streptomycin as a prophylactic agent during thoracoplasty for 
tuberculosis. ^ ‘ • 

Since then, except in the several “Transaetions of the Streptomycin Con¬ 
ferences” little has been written, concerning the effects of prpyic.t + ' * 
treatment and the development of resistance upon the results f 
tuberculosis. During the Sixth Streptomycin Conference in 1948° 

Bunch^ asked the question, ‘‘Is Pulmonary Resection Safe in Patient ® , 

Treated with StreptomycinAfter citing two unfavorable 
_ ^ases, their eon- 
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elusion was to the contrary. Early in 1949. Murphy and Seller ' studied 
question of bronchopleural fistulas following pulmonary re.seetion in patients 
who had been treated with streptomycin prior to their resection eoui-se. An 
incidence of '20 per cent of fistula developnient was encountered in the previoiisli 
treated patients, as compared nith 5 per cent in those who had received no 
streptomycin premous to resection. 

Later in 1949. l^Iurphy, Seiler, and 4Yalkup‘'- discussed coin]>lications follow¬ 
ing resections in patients previously treated with streptomycin. They tabulated 
the incidence of spreads, bronchopleural fistulas, late reaetii atioii. cmpiema, 
wound infection, and the mortality rate, and found that in each case the rate 
was higher in the previously treated than in the untreated patients. 

The following year. 19.50. :Murphy and Walkup' again stated that the inci¬ 
dence of complications was higher in a streptomycin resistant group than in a 
nonresistant group of previously reported patients who had been given a 
thoracoplasty for tuberculosis. The work included the results after resections 
or cavernostomies in the thoracoplasty faihire.s. 

The “Quarterly Progress Reports of the Veterans Administration Strepto- 
niycin Committees'''^ in July, 1950. reviewed the statistics of the surgical .staff 
of the Veterans Administration Hospital, in Minneapolis, ^linn. Results after 
sixty-four resections performed at the ilinneapolis Hospital were compared 
with those after 630 resections performed in other Veterans Admini.stration 
Hospitals. It was found that in a group of 405 lobectomies there were marked 
differences in the rate of sputum conversion and incidence of postoperative com¬ 
plications between streptomycin resistant and premously nontreated groups. 
Fiftj* per cent higher incidence of sputum conversion was found in the prem- 
ocisly untreated group. They found three times as many postoperative spreads, 
fifteen times greater incidence of bronchopleural fistulas, and twent.v-five times 
greater incidence of empyema in the resistant group. There were comparable 
figures in the pneumonectomy group. In the sixty-four resections performed 
at their own hospital, similar results were obtained. 


The earlier studies quoted have given considerable emdence as to the harm¬ 
ful effects of streptomycin resistance upon the results of excisional surgeiy and 
thoracoplasty for tuberculosis. Since our recent results follo^ving cavernostomy 
for thoracoplasty failure have been discouraging, we decided to analyze the 
series and attempt to determine if streptomycin resistance was a factor. 

This paper compares the results following cavernostomy in patients who 
have not had previous streptomycin treatment with those who have had such 
treatment. 


The indications for operation and the operative technique as oiven bv 

Murphy and Koontz in their original description have been constant throimhout 
the entire series. »u,,uuui 

Table 1 demonstrates the influence of streptomycin on ca%-itv dosx^re 
Cavihcs Opened—Forty-one cavities in an equal number of patients have 
een opened by an Eloesser type cavernostomy. Sixteen of there patients had 
noi received streptomycin therapv previouslv Twenfv fit-o r, ^ ^ tients had 

.rith step,„„V.L anTkeJv C “1 

to be resistant. - . u i euij inree or these were knoivn 
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Table I. Influence op Streptomycin on Cavity Closure 



CAVITIES 

OPENED 

CAVITIES 
primary I 

CLOSED 

secondary 

1 PER CENT j 
1 CLOSURE 

AVERAGE IN 
WEEKS OF 
DRAINAGE 

Witliout Previous 
Streptomycin 

16 

S 

5 

81.2 

18.6 

With Previous 
Streptomycin 

25 

3 

4 

28.0 

31.3 


Cavities Closed .—Thirteen of the sixteen patients who liad not received 
previous streptomycin tlierapy, or 81.2 per cent, obtained a successful eradica¬ 
tion of the eavit. 3 ' hj'’ cavernostomj' alone. Eight of these heated primarily 
folloudng surgical closure and five healed secondarilj', exhibiting cutaneous 
fistulas for varying lengths of time. Of the three patients classified as caver- 
nostomj' failures, two eventuallj’’ underwent resection. One of these failures 
died (to be discussed later). A negative sputum was obtained in both of the 
patients who had a resection. One of these developed a postoperative broncho¬ 
pleural fistula. Only 7, or 28.0 per cent, of the 25 patients who had been previ- 
ouslj" treated with streptomj^ein could be classified as successful cavemostoniies. 
Three of these healed primarilj' following surgical closure, and four healed 
secondarily. Ten of the remaining eighteen patients have persistent cavities. 

An attempt at surgical closure failed in eight patients. Ten never fulfille 
tlie criteria for surgical closure. Resection was performed in five patients m 
whom surgical closure was unsuccessful. Three of these healed and a negative 
sputum was obtained. Two of the resection patients died. 

Average Duration of Drainage, in Weeks .—This column in Table I denotes 
the number of weeks elapsing from the time the cavity was opened until it was 
felt that surgical closure of the wound was feasible. Closure rvas attempted 
wdien the cavity was no longer visible on planigraphic roentgenograpbic studies, 
and no longer palpable on digital examination through the cavitj’’ stoma. 
most instances, also, the tract was epithelized.and the drainage reduced to a 
scanty mucoid material. Smears and cultures of tlie sinus drainage wmre usually 
found to be negative for acid-fast bacilli. The figure of 18.6 weeks represents 
the average drainage time of the thirteen successful cavernostomies performed 
in patients who had not been previously treated with streptomycin. The longest 
drainage time in this group ivas twenty-eight weeivs, and the shortest six weeks. 

The average drainage time of the seven successful cavernostomies performed 
in the group who had previously been treated with streptomycin was 31.3 w'eeks. 
The longest time was thirty-six weeks, and the shortest 20 vveeks. It is of inter¬ 
est to note that the shortest drainage time in the previously treated group was 
longer than the average drainage time for the previously untreated group. The 
ten previously treated patients, having persistent cavities, have continued to 
drain an average of 50.4 weeks. 

Table II demonstrates the influence of streptomycin on sputum conversion 


and complications. 

Prior Positive Sputum.— Fifteen of the sixteen previously untreated cases 
had a postive sputum prior to the time of eayernostomy. Twenty-three of the 
twenty-five pre^^ously treated eases had positive sputum preoperatively. 
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I 

rniOK 1 
positive 

SrCTOM ] 

1 coxv^ir^sioK 1 

srcE-vas 

VTOUKli 

1 INFECTION'S 

PE.VTIIS 

earlv late 

1 no. jrERCExT 

1 xo. 

i rER CEST 

1 xo. 

S TER CEXT 

XVittiout Previous 

IS 

13 86.6 

1 

6.2 

1 

6.2 

1 


Stteptomyem 
With Previous 

23 

10 43.5 

0 

36.0 

4 

16.0 

2 

5 

Sitepiotayciu 










Sputum Conversion.—fhh'icm of the fifteen previously untreated patients 
who had preoperative positive sputum, or 86.6 per cent, obtained a sputxuu 
negative by culture. Only ten of the twenty-three previously treated cases with 
positive sputum, or 43.5 per cent, obtained a conversion of sputum. The patients 
with no prior treatment showed approximately 50 per cent greater incidence of 
sputum conversion. 

Sprcads.-^ln the group of sixteen streptomycin “virgins'’ undergoing 
cavernostoniy, there was a contralateral spread in the patient who developed 
traumatic pneumothorax and died on the eleventli postoperative day. Among 
the group of twenty-five previously treated patients there were nine spreads, 
a total of 36.0 per cent. 

Wound Infedions.—Tha question of wound infection is hard to evaluate in 
eavernostomies, since all of the wounds, due to the nature of the operation, 
show some degree of infection. In this series only those patients in whom there 
was a definite wound breakdown or progression of the infection beyond the 
operative area were classified as having an infection. In the group that had been 
previously treated with streptomycin there were four, or 16.0 per cent, who 
showed a definite wound infection. 

Beatlis .—^In the group not receiving previous streptomycin, there was one 
early death. This occurred eleven days following the second stage, at Avhich 
time a traumatic pneumothorax was incurred. In the premously treated group 
there were two earl.r and three late deaths. One of the late deaths occurred 
after discharge from the hospital, and the other two followed resection for 
cavernostomy failure. One of the early deaths followed the opening of tlie 
eaA-ity, at which time a spinal foramen Avas" entered during the course of needle 
exploration. Tnherculous meningitis resulted. The other early death resulted 
from a massive bilateral caseous spread following the cavernostomy closure. 




1. A study of forty-one consecutive cases undergoing cavernostomy for post- 
thoraeoplasty residual caA-ity reveals that; (a) SLxteen of these had not receiA-ed 
streptomycin prior to the surgery, and tAventy-five had been preAdonslA- treated 
'Twenty-three were resistant to over 10 mierogranis per 
mil iliter prior to covemostomr closure, (li) The operation ivas more satis- 

oLiSis pa'ir" isrs; 
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2. Tile indiscriminate use of streptomycin in the treatment of tuberculosis 
should be condemned. 

3. A cooperative medical and surgical study of each candidate should be 
made prior to initiation of therapy so that the beneficial effects of streptomycin 
could be given the patient when his needs are most urgent. 
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BRONCHOGEAPirr AS AN AID IN PL^VNNTNG SURGICAL 
TREATIIENT OF PULilONARY TUBERCULOSIS 

"With a PRELmiXABY Note ox Puliiox.vry AxCiioGRArnY 

Joseph Gokdox, 3LD® (by YsoiT-Ynox), axb W. Berkeley Zixx, il.D.,®® 
(by rsTiTATiox), Ray' Brook, N. Y., axd Philip C. Pratt, ^LD. 

Saraxac Lake, N. Y. 


A SERIES of lung specimens iverc studied by injecting radiopaque material 
into the bronebi and pulmonary arteries and comparing the roentgeno- 
graphic findings irith those of bronchogranis in Ih'ing patients. The inter¬ 
pretation of bronchogranis on this basis has been an aid in planning the 
surgical treatment for certain cases of pulmonary tuberculosis. In this study, 
which was begun by one of us (J. G.) a little over eiglit yeai's ago, the 
bronchial trees and pulmonary arterial system of removed lung specimens 
were injected with radiopaque material under fluoroscopic control. A variety 
of radiopaque materials such as bismuth and the iodides were tried, including 
watery solutions with and u-itliout acacia. It was finally decided that an 
iodized oily solution, as used in bronchography, was the most satisfactory 
for this purpose. The resultant bronehograms and arteriograms ivere then 
correlated with the pathologic changes. It was noted that where there were 
structural alterations of lung parenchyma due to pulmonary tuberculosis, 
there were also consistent changes in both the bronehograms and the pul¬ 
monary arteriograms.' 

The lesions present in the limgs of this series of cases are of two ap¬ 
parently distinct tj-pes. In the one type, of which Case 7 is an example, the 
lesion is essentially limited to the large or small bronchi or both, and the sur¬ 
rounding alveolar structure is normal, except for scattered small, isolated 
scars. The bronchial lesions consist usually of a thin zone of dense eoUat^en 
deposition beneath the intact epithelium, in the location of the smooth muscle 
of the wall. The muscle fibers are largely obliterated. In some bronchi of 
eases s howmg this lesion, there is seen more or less extensive mneosal ulcera- 


From the Ray Brook State Tuberculosis Hospital, Ray Brook X T 
Surge^^f'uiu^Jerciloraai! ^-H^a-n'.As'sociatiorr for Thoracic 

•Principal Thoracic Surgeon, Kay Brook State Tuberculosis Hospital Ray Brook v -v- 
•Superr ising Roengenologist. Ray Brook State Tuberculosis Hosoit»l B ^ ^ 

•••Pathologist. Saranac Laboratorj-, Sarahac Lake, K. T. ^ Stook. X. V. 
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tion with epithelioid and caseous tubercles in the undei'lying tissue. Pre¬ 
sumably, this indicates the mechanism b.y which the more common lesion of 
peribronchial fibrosis has dcAmloped. 

In the other type,, exemplified bj' Case 9, virtually the entire alveolar 
architecture is replaced by diffuse scarring with foci of caseation or cavity 
formation. Many of the smaller bronchi and pulmonary vessels are completely 
effaced. The remaining bronchi course through the wide diffuse scars, are 
tortuous and usually dilated, but sometimes narrowed. The mucosa is finely 
serrated. The larger pulmonary vessels associated with these bronchi are 
patent, but their smaller branches are obscured in the scars and caseous areas, 
as are the smaller bronchi. 


Many lungs show both types of lesion; areas of diffuse scar tissue 
traversed by tortuous serrated bronchi; and in other areas, normal or em- 
phj'sematous alveolar structure, with localized peribronchial lesions. Case S 
is an example of a case showing both types. In this instance a recent broncho¬ 
genic dissemination had occurred in the lower portion of the left upper lobe. 
The bronchi show chiefly epithelial ulceration. Some of the tubercles in the 
bronchial wall project into the lumen. Vascular changes are not apparent. 

It appears that the peribronchial fibrosis is responsible for the poor 
arborization seen in the films of the injected lungs. The involved bronchi 
show slight serration of the lumen similar to that seen in the bronchograms. 
In some areas smaller bronchi and bronchioles are seen throughout the lung 
and are uniformly patent. The orifices of these channels from the larger 
bronchi are apparently sufficiently narrowed by the peribronchial fibrosis 
to inhibit the flow of the iodized oil. The generalized emphysema, and the 
trapping of air noted during life may perhaps be atti'ibuted to the same 
mechanism. 

In the normal lung the pattern of the bronchial tree and pulmonary 
arterial sj^stem were similar and paralleled each other in an orderly fashion. 
There was seen the graceful, delicate arborization with progressive diminution 
in size of the branches of both systems (Cases 1, 2, and 3). 'Where the lung 
contained well-established foci of disease, whether small or very extensive, 
both bronchi and pulmonary arteries suffered in alteration or obliteration 
(Cases 4: and o). The bioncliogiaphic j^atterns observed in these specimens 
were essentially of two types, and are exemplified in Cases 6, 7, S, and 9. (V 
In extensively damaged parenchyma the proximal larger hronchi were dilated 
and had irregular, serrated maigins. They were somewhat crowded together 
and stopped rather abruptly so that there was no filling in the distal portion 
of the bronchial tree.^' In these removed specimens cavities filled readUy- 
The pulmonary arteriograms of the areas showing the above bronchial changes 
revealed a marked paucity of patent arteries (2) In areas with relativelv 
recent or less extensive disease, such as m bronchogenic spread, the abnormality 
of the bronchial pattern was less obvious Soine of the bronchioles did not fill at 
all, while others, even though they filled out to the periphery, were somewhat 


^ow this differs from bronchograms of nontubercuious 
subject of another communication. 


Pyoffenic bronchiectaBis 


is 


the 
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narrowed, and their fine lacy branches M-erc markedly decreased in number. The 
larger bronchi did or did not appear normal. de])cnding upon the extent of 
parenchymal involvement. The injected pulmonary arteries of recent disease 
still showed patency in some areas, and in othei-s obliteration was seen as in 
older diseased areas. 

Following this study of removed king specimens a variety of conditions was 
studied by bronchography (Cases 10 to 2o) in patients known to have pulmonary 
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filling of both pulmona^ hnth systems of lung specimen). s ® parenchymal 

lesion (by extensiv^e changes on the right. Thorlco^Sf® 

5r”^FaTf"RoS?^|^am ajft^er^^pulmonao'-^^^^^^^ 

*with‘'addftilSI"b??nchial tfee injection showing similar poor patter,^ a“nS fl'lli^ro^f 
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tuberculosis, end the Ml.udng 

patteiu teas altered m the piese iudividual areas of parcn- 

:Ch— r“—e.-.es tree uarrotriu. and poor 



5 . . 5 . 

Fig:. 3.— J, (Case 6) Posteroanterior roentgenogram, April 18. 1949, showing moderately 
extensive shadows on the left. 2 , (Case 6) Posteroanterior roentgenogram. May 19, 1949, 
showing new' shadow's of recent extension of disease. 5j (Case 6) Roentgenogram after 
bronchial tree injection showing narrowing and lack of branching through di.seased lung. 
At ca\ity which is filled the bronchus is short and wdder than normal. 4, (Cose 6) Same 
specimen with addition of pulmonary arterial injection showing some relatively normal 
pattern in areas of recent disease and uninvolved parts of lung. 
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filling’ of some of tlie smaller bronchi (Cases 16, 18, and 19) so that normal 
arborization -was lacking. AVith more extensive disease the distal portions of the 
bronchi did not fill at all, while the jiroximal larger bronchi were dilated (Cases 
10, 11, 12, 13, 14, 15, 16, 19, 20, and 25), had irregular margins, and were 




region 
ing narrowing 
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Fig 5 (Ca^e 7).—I, Gross photograph of left lung removed at operation. The upper lobe 
is at the left Though rather few bronchi and vessels are seen, chiefly in cross section, it is 
apparent that all of them course through air containing puimonarj' tissue. Note that the 
alveoli are generally coarse. The paucity of shadows in the chest roentgenograms is readily 
explainable bv the appearance of the gross lung. The reasons for bronchographic changes, 
however, are less apparent- These changes depend upon the specific lesions associated with 
the bronchi, which are better shown in 2, 3, and 4 . 

2, LiOw-power photograph of the histologic preparation from the lower lobe. Bronchi 
and vessels are seen extending into the lobe from the left. Their walls are thickened and their 
linings are irregular. The scattered minute round or elongated spaces with dark walls are 
bronchioles and arterioles which, though patent, were not outlined in the bronchograms. 

(.Approximately XI.5-) 


S, Low-power photograph of the histologic preparation of the upper lobe of the lung 
shown in j. The oval dense focus is a dilated bronchus filled with exudate. At the center 
is a similarly dilated, but empty bronchus. At the left, beneath the pleura, are several small 
foci of encapsulated caseous material- In all areas there are minute patent bronchioles and 
arterioles seen in longitudinal and cross section. Generalized coarsening of the ^veoli is 
apparent. (Approximately xi.5.) 

4 , Photomicrograph of the wall of a bronchus which measured about 3 mm in diameter 
in the section. The epithelium is intact, but the wall is greatly thickened bv a den^se con¬ 
centric zone of scarring. The smooth muscle of the wall is obliterated. 'Dilatation and 
rupture (emphysema) of the adjacent alveoli is apparent. The contrast between this le^inn 
and that shown in Case 8, Fig. 6, 4 is striking and apparently fundamental (X70 ) 
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Fig. 6 (Case S).— 1, Gross photopaph of two blocks of the left upper lobe removed at 
operation. The apex is at the left. The iipi^r block shows a larg'e cavity in the apical re- 
jrion. The lower block is rn^ore posterior and shows a rather extensive area of scar tissue 
Ikd caseous material. The hilar bronchi show distinct thickening- of thSr wSls and bronclii 
and vessels are largely obscured in the upper third of the lobe. In the lower portion of the 
lobe are seen numerous white foci of recently disseminated disease. Close inspection of these 
reveals that most of them are within or closely adjacent to small broncM the lumens of 
which can be identified. Close inspection also reveals many small vascular'lumens without 
Tssoclated foci of disease. ‘ It '■°«ntgen';%"^a"m'^stuTls %hich re¬ 

vealed poor filling of the bronchi, out goou lining ot the vascular tree The dark areas 
a?e the result of hemorrhage into some of the secondary lobules du?ing"^operation. ' 

2 Low-power photo&raph of the histolc^c^ preparation from upper half of the lobs 

'^""r™ow-POv|{photo^ of the lobe 

shown in J. , Of^rative ncmorr^ bronchi arc seen in longitudinEd “coot- '®®‘oris are best seen 

Sned'anf‘immediately adjacent alveolar,^«^^^ 

■i. ?'’°ri?'r'eD?GSiuiu°is‘ulcerated, but regenerating from the^righr^^^r shown in Case 8, 
Fig. 5, i-, mm the lumen. Adjacent alveoli are consmmntoa ^ well-developed 

frkely 'that this is ?ie^early stage of the type of lesion which results flnSfy^^^thT"pl?^b"ron“hia! 
fibrosis seen in Case Fig. a. 4- 
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crowded together.! The hroBchograors in living patients 

essentiallv from those of removed lung spccunetis, except that in the latter 

"nr 

appear to be irreversible, even though in some instances the diseased poi ^ o 
tlm Inn- a-ain becomes radiolncent as seen by routine chest roentgeno,,! ams. 
ms r b^en observed, for example, in some cases of tubemilons pneiunonia 
treated with streptomycin and P.A.S. Following the use of these drugs marked 
elearin- of the dense shadoivs occurred leamng only linear Jrands. Bionclio- 
grams done one month to two yeai-s after this clearing f^wed an unanticipated 
extent of alteration in the bronchial pattern (Cases 1< and 20) In otheiyn- 
stances this clearing has apparently been accompanied by marked resolution, 



1 . 


3. 


Tig, 7 (.Case V). — i, Posteroantertor roentgenogram showing shadows of extensively 
destroyed left lung. Patient originally had cavity in lower lohQ treated by pneumothorax. 
Ultimate re-expansion followed in few years by general breakdown of entire lung. 2, (Left 
pneumonectomy)—Roentgenogram after injection of pulmonary’ arterial system indicating 
general paucity of pattern showing small lingular segment with some few branches, con¬ 
tracted lower lobe with similar absence of branching. 3, Same specimen with addition of 
bronchial tree injection showing filled cavities and short wide bronchi with'lack of branching. 

(See pathologic description specimen in Fig. S.) 


Case 9.—Pulmonary Function Study 

Estimated vital capacity ___ 5 O*’ L 

Determined vital capacity___ 3‘§5 jJ 

Estimated maximum breathing capacity___ jg9 t/ 

Determined maximum breathing capacity __111111111 l°5 L 

fluoroscopy the movement of the right diaphragm is vrithin normal limfls and the 
left diai^ragm cannot be visualized. The right lung ventilates normally. The mediastinmn 
the left on inspiration and returns toward the inidline on exArafiot? 
There is little evidence of function on the left. v.viJii.-ai,ion. 


tThe mechanism responsible for the hronchographic nattems is not /.lot... i- 
further investigation. It is thought that the laUer^Enditig mav™! dL to niXl 
retraction resulting from destruction of intervening parench^Aa. The dvoaf;\^l cHS ® 
are such that the bronchi enlarge and elongate during insD^a«m, »n/la?;SLl® ot the lung 
ui expirahon. The damaged portion of the lung takes narrow- 

function because of marked structural change including loss of eIa?Hc ) respiratory 

functioning -tate%heSa%"ef tln?W'=&e‘’%Te-shor& 










1 . 



Fig:. 8 {Case 9). — 1, Gross photograph of the left lung- removA.i *• rm « „r.npr 

lobe is at tlie left, and the lower lobe is at the rig:ht. Two operation. The IIPP 

upper lobe, with a trabecula crossing^ the more lateral one. Beta^o‘,,‘?f be seen in 

' tortuous bronchus is seen. It is this "type of change, occurrinp- in cavities a. thlate 

produces the serrated appearance in the bronchograms. The samo t diiidevous bronchi, '''hicn 
seen in 2, a composite photograpli of the histologic preparations or fu-V,® f 
the hilar bronchi are thickened, but their lumens are of ossentialli- ‘'’"S’- walls oi 

several of which may be seen between the main lobar bronchi ’'S'®'' Hilar vessels, 

walls, but essentially normal size. Smaller bronchi and vessels atl'ickening of their 
scarring, or caseation which have almost completely replaced the 4i, ®®aced in the areas 01 
out both lobes. 2, Composite low-power photograph of the histolncie „ ° ®'' structure through- 
The cavities noted in I are again seen in the upper lobe, and the the lung, 

ment of alveolar structure by scarring and caseation is apparent complete replace- 

with serrated linings are bronchi, chiefly of the second order. Manv , ®>orisated structures 
are embedded in areas of scarring. The more smoothly outlinei] ®''® dilated, and 

Dulmonary system. Smaller branches of both the bronchi and the vetSSf ®''® vessels of the 
scar tissue or caseous material. (Approximatelj’ X1.5.) ,s, Photomicroti” ®i''® ®tfa®ed in the 

one of the bronchi showing dilatation and serration of the lining. the wall of 

intact There is moderate lymphocyte inflltratiorv beneath the mucosa P’.®*- '•i’® mucosa is 
a portion of the wide area of diffuse collagen deposition through wh1§h I''® '®“ si'ow" 
All evidences of bronchioles, alveolar ducts, ami aUeoli are effaced. Comn '’‘‘Odchus courses, 
which shows localized peribronchial scarring with preservation of adjac?m‘^®^® "’'th Fig. 5, i 
j Photomicrograph of a normal bronchus of similar size to those in ®'veoIar structure, 

cartilagenous plat^e at the left. The epithelium is intact. ^'es. 4 and 8. Note the 
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and the bronchial change seen was small in degree. On the other hand, the 
bronchographic pattern remained normal in areas M'here the parenchyma -vvas 
not diseased but the lung collapsed from without, as in case.s of pneumothorax 
(Cases 23 and 24), pleural effusion (Case 10). or thoracoplasty (Cases 17 
and 21). 

Bronchograms were also obtained in a number of patients who had pul¬ 
monary function studies (Cases 9. 13, 19. and 21) carried out preliminary to 
major chest surgery. It was hoped that some means of estimating function 
ndth the aid of bronchograi)hy might be worked out. To date insufficient 
material has been .studied by both methods so that no conclusions can be 



repre.ent.ng entire right upper lobe contractecL^' Broncho?rar^‘*”s^owing shlco" 





s. 

Fig. 10.—1, (C^ase , showing p^tpnqive abnormal 

shadows in upper lung field. - and S, Po^eroantenor and right lateral bronchogram showing 

ro^r^f’Th'e ?u^g%xU?;a^‘Sfse |llp| 

{?ast medium. This latter only resulted m filling of trachea, spill to opposfte lung and ingestion 
into esophagus. 

Case IS.—Pulmonary Function Study 

Estimated normal vital capacity- , 

Determined vital capacity--- ’ i*q L 

Determined resting minute ventilation - Y' 

Determined maximum minute ventilation _ ZZZ"I - 68 0 h 

'^,*’ci™®d'lL‘^on'’thT?iBht°i^^ poor‘on ihe left a°nd''thF'’‘a^"°^^™«'’t^ There 

i?ie®°righf SU&° By%uWr'o‘scopy it is estimated that the ri^Rt" l‘u1fg Ts |er‘cen? 

of the ventilation. 
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3. J. 

11 .—(Case li) Posteroanten'or roentgenogram shoiving few scattered abnormal 
shadows in upper lung field and, retracted root shadow. 2, 14 ) Posteroanterior 

bronchogrram showing marked changes through most of the lung and revealing associated 
bronchial defects including emphysema. 3, (Case lo) Posteroanterior roentgenogram showing 
few linear shadows at apex and giant-sized annular shadow identified as being in the lower 
lobe on lateral film. 4> (Case 15) Posteroanterior bronchogram showing characteristic ab¬ 
normal pattern in upper lobe and marked changes through tlie lower lobe. Only the lingular 
segment shows a normal pattern. 
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normal anatomy. That is, one cannot tell to what extent the previously dis¬ 
eased king has been damaged, even though the tissue contains air and is there¬ 
fore radiolucent. In inexpandible lungs, as sometimes occurs after pneumo¬ 
thorax, the routine ehest films ghm very little information regarding the 
eondition of the collapsed lung, while bronchograms still distinguish diseased 
areas in such cases in the collapsed as in the uncollapsed lung (Cases 22, 23, 
and 25). Planigraphic studies of the chest are distinctly more valuable than 
regular chest films, but at open chest operation it is not uncommon to find 
more disease than seen in the films and at times areas of disease not seen. 



upper luns field ,^°®t®''ounterior roentgenogram showing few shadows 

right side^ especiallv^ normal. 2 and 3, Posteroanterior bronchograms 

narrow trk with fewer^hra which has a normal pattern in contrast 

Bronchoscopy gives valuable information in certain cases. However, h® 
T-u limited to the larger bronchi. Bronchography, in contrast, reveals 

the changes beyond the visual field of the scope. 

The question of possible harmful effects is'frequently raised when iodized 
oil IS suggested for studying cases of pulmonary tuberculosis. The material 
has been used here for years in patients with both positive and negative 
spu urn A careful study of postbronchographic films over long periods has 
failed to show any harmful effects attributable to the iodized oil. When the 
examination IS made with care and minimum quantities of oil are used, praC' 
H-- - all of this IS removed when the patient utiUzes postural drainage after 
... ■ films are taken. 

t^nsiveiy diseased or collapsed lobe or lung is much smaller in size, 
■ig requires only a small amount of material. If continued 
111 larger quantities of oil than needed T-oding of other 
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areas of the Irmg B-ill result. Retention of some of the oil M'ill then be noted 
for weeks or months, and may make the roentsenographic follow-up trouble¬ 
some in interpreting spreads of disease. However, a careful study of films 
taken before and shortly after bronchography largely solves this problem. 



1.0-.. i.o.—Pulmonary Ftir.ciior. Studv 


^ *rudu 


minute ve.ntIIation- “---' 3-15 

on me n.Rt. £ 


3.25 

.15 

II 

92 




126 


THE JOURNAL, OF THORACIC SURGERY 



kno^v 


anterior roentgenogram, strands. Film taken afte? aeration of 

upper lung pTs i Posteroanterior bronchogram, Sept 22 treatment 

?{:an^ees"’rn‘S™n"iia?1fatte?^ o^upper lobe. The rest of the tre^’e'a^^ea'rl'^br^'kT'"”^ 





s. -J- 

Fie, 17 (Case 2J). — I, Posteroanterior roentgenogram showing annular shadows in upper 
lung field and at base. 2, Posteroanterior bronchogram showing shadows of cystic abnomiaa- 
ties as well as alteration of bronchi. J, Posteroanterior roentgenogram—postthoracoplasty. 
4, Posteroanterior bronchogram showing persistence of abnormal shadows of bronchial tree 
after thoracoplasty. 

Case 21.' — Piilmonart/ Function Studtf Before TJioracojdasty 

Estimated normal vital capacity --- 4.8 L. 

Determined vital capacity------- 3.05 L. 

Determined resting minute ventilation ____ 16 L. 

Determined maximum minute ventilation - 120 L. 

The diaphragms move well on both sides and the clouding during expiration is good on 
the right, but fair to poor on the left. The mediastinum shifts to the right on expiration. 
The greatest part of ventilation is being done by the right lung as studied by fluoroscopy. 

Ten Mo7iths Postthoracoplasty 

Estimated normal vital capacity_____ 5.25 L. 

Determined vital capacity --- 4.9 

Determined resting minute ventilation -- 9 L* 

Determined maximum minute ventilation___ 92 L. 

The diaphragm on the right moves well and there is good clouding on the right except 
at the apex. The diaphragni on the left moves poorly and the mediastinum shifts to the 
right on expiration. There is almost no ventilation on the left as studied by fluoroscopy 
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After a few ti’ial cases one can readily develop the necessary skill to be 
satisfied that the absence or poor filling of the bronchi is not due to technical 
fault. The abnormal bronchographie iiattern in extensive parenchymal in¬ 
volvement so Avell depicted in Cases 12, 17, and 20 and in discrete dissemina¬ 
tion in Cases 16, 1*8, and 19 need not be confused with incomplete filling of 
normal bronchi which would show normal caliber and some normal arboriza- 



Fig. 18.—U (Case 22) 
proved to be inexpandible, 
p.’.-noiri.inl spacc an. 


Posteroanterior roentgenogram 
2, (Case 22) Posteroanterior - 

»_clmwiTifr nnnT’ 


totally collapsed lunP 

posttlioracoplasb 

shov-ing resiQuai spae.. nostcroantefio? Two attempts at 

feffl"p"eu?a", geo at base mease 

rd3-;o/Seg,drmn^ -Pai?“orfl^?u.'a°Te^su'.?e^^ 
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tion. Patients Avith aetiA'el}' progressive disease or eNcessive secretions should 
not be chosen for this examination because of risk of spread of disease or re¬ 
tention of secretions Avhen the cough reflex is temporarily blocked by topical 
anesthesia (0.5 per cent pontoeaine solution). 

It is helpful to have bronchoscoped the patient sometime before to ascer¬ 
tain the condition of the bronchial tree, noting any obstructive lesions and the 
disposition of the orifices to the lobes. This serves as a guide in positioning 




yolve| part it annular shadow in up 
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the patient during the bronchographie examination. The combination of 
bi onchoscopy and instillation of iodized oil is not adAosed, as it has not met 
Avith the success of doing the latter as a separate procedure at another time. 
An exception to this is the patient Avith a high degree of stenosis of a main 



annular sliadotv 


Fig. 20 {Case 26). — 1, Posteroanterior roentg^enog^ram shmA* 
left upper. 2, Posteroanterior roentgenogram following first staeo ann 

anterior angiocardioffram allowing decrease in pulnionary arterial 3 , Postero- 

right upper which is site of oid disease. Posteroanterior bron?hl‘'^™ ‘h >eft lung anil 
decrease in arborization ieft upper and superior segment of lower a of left showing 

volved much of apical-posterior segment of upper and superior secern °?<Tation disease in- 
excised. lower which were 
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bronchus. Here the bronchoscopy is done on the roentgenogram table and, 
M-ith the roentgenologist present, a u-atery contrast medium is instilled under 
fluoroscopic control. “Spot films” are taken followed by the immediate 
aspiration of the material and secretions. The use of nonoily solutions for 
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'ith ra^pnlumouforax^^' s/'Postljro^^nreHor angrioca^dioeram IhoVinf ""^^Pandible left lung 

'^fe?H°"arae|^!eSI t l’o°stSe‘'^oT '’Sfaf 

lu^ fleld. S, Posteroantenor angiogram right sfde nodular densities 

irte'rfal ^tern^n^sanic area in contrast to normal pattern in miSile ^nTl^fveriobe'^"''"”"'*''’' 


arterial pattern 
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roiitine bronchograms is not recommended, as it has not shown snffiment y 
satisfactory detail in the roentgenograms to be generally employed and is on y 
iised in the above situation. It is felt that bronchography gives such important 
information that certain disadvantages are outweighed. The examination can 
be a distinct aid in planning surgical treatment for pulmonary tuberculosis. 
The folloiving are cited as illustrative examples of how bronchography can 


be helpful. 

1. When resection of lung tissue is contemplated bronchograms aid in 
accurate localization of disease and thus help in deciding exactly which lobes 
or/and segments of lobes may need to be removed. 

2. When thoracoplasty is considered it aids in helping to decide how 
extensive a procedure should be performed. Bronchograms frequently shov 
evidence of marked structural changes, undoubtedly associated with damaged 
lung tissue, in areas where “dealing” has taken place as interpreted by 
routine chest roentgenograms. It is believed that such eases might fare better 
under permanent collapse (exemplified by Case 17). Perhaps prethoi’aeo- 
plasty bronchogi’ams might also give a due as to why some thoracoplasties are 
successful while others are not. 

3. tWien decortication is considered to allow a “non-reexpansible” lung 
under pneumothorax to expand once more, bronchography gives the best in¬ 
formation available as to the extent of structural changes present in the 
collapsed lung and thus aids in deciding whether the lung is healthy enough 
to make decortication advisable. (Exemplified by Cases 22, 23, and 25). 


A PRELIMINARY NOTE ON PUXMONARY ANGIOGR,VPHY 

Eecently, with the aid of Dr. Charles T. Dotter, Eadiologist at the New 
York Hospital, New York City, the technique of angiocardiography has been 
added. Dr. Berkeley Zinn, Supervising Eadiologist at the Eay Brook State 
Tuberculosis Hospital, Eay Brook, N. Y., xuidertook a period of training under 
Dr. Dotter and returned here to add this method of study to the radiographic 
armamentariiun. A study is under way to compare the pulmonary angiograms 
with bronchograms. Where possible injection study of suitable specimens as out¬ 
lined in the early part of this paper will then be made before pathologic exam¬ 
inations are carried out and all material then correlated. Thus far, in a small 
series of cases, the anticipated correlation on the basis of injection studies of 
bronchi and pulmonarj^ arteries has been obseiwed. In Case 26 abnormal 
shadows of pulmonary tuberculosis were seen in both apices. A thoraeoplastv 
was planned to collapse the small caxdty in the summit of the left luno- where an 
annular shadow was noted. After a one-stage, three-rib thoracoplasty was 
done an angiogram and bronchogram were performed at different times "which 
mdmated in both more structural alteration of the lung than suspected On this 
basis pulmonarj* resection was chosen as the procedure of choice, and at onera- 
tion the involved parts of the left upper and superior segment of the lower 
lobes were removed. Cases 27 and 28 were studied preliminarv to considera 
tmn of decortication. Because of such good bronchial and pulmonary arterial 
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patterns in the former decortication with limited resection of the involved 
portion of the lung was chosen in Case 27. In Case 28, because of widespread 
change in the lironehogram and very poor filling of the left puhnonaiy arter.v, 
pleuropneumonectomy was considered the procedure of choice. 

SUJIMARY 

Tuberculous lung specimens, which were removed at operation or autopsy, 
were studied bj" injecting the bronchi and pulmonary arteries with radiopaque 
material. Pathologic studies of these lungs were made showing the extent of 
disease present. This study served as a basis for the interpretation of broncho- 
grams in the living. It is believed that bronchograms give more information 
than is generally apparent as to the exact location and extent of disease present. 
It may also suggest the amount of functionally’- available lung tissue still present. 
Recently, angioeardiograpliie studies hav^e been added in addition to broncho¬ 
grams, and appear to correlate well with the injected lung studies that both 
systems are implicated in the structural alterations of the lung by clironic 
pulmonary tuberculosis. This information has been used in planning such 
types of surgical treatment of pulmonary tuberculosis as resection, thoraco¬ 
plasty, and decortication. Numerous illustrations are included. 

A note of thanks is made to the many physicians and surgeons in the Saranac Late 
area for tlicir excellent cooperation in permitting tlio use of surgical and postmortem specw'cns 
for study. Thanks are also extended to the resident staff members and technicians viio c 
operated in this work. 

The radiographic illustrations were prepared by Anna M. Sanlow, Senior X-ray Tech¬ 
nician, Bay Brook State Tuberculo.sis Hospital, Bay Brook, N. Y. 

The pathologic illustrations wore prepared by Edward Gockeler, Photographer, Saranac 
Laboratory, Saranac Lake, N. Y. 



EFFECT OF POSITION ANT) ARTIFICAL VENTILATION ON THB^ 
EXCEETION OF CARBON DIOXIDE DURING THORACIC SURGERl 

Hen-bt K Beecher, M.D. (by naiTATiox), Tho5l\s J. Quisn, Jk., ^LD., 
(BY LN-YTTATIOX), JOH.V P. BtEN-KER, :^LD. (bY IKVITATIOX), GESESIO 
L. D^Aless-Ynt)R0, 3I.D. (by en-yitatiox) 


Bostox', 5L\ss. 


O UR finding^ that a dangerously high tension of carbon dioxide is common in 
the blood during open thoracic surgerj- has been ^videly confirmed.®'^ It 
is now generaUy agreed that the tension of carbon dioxide will rise seriously 
durinsT surgerv with the pleura open unless active measures are taken to pre^ent 
it. V'e are not all agreed, however, as to the reason for this accumulation of 
carbon dioxide, nor are we aU agreed as to the best method to get rid of the 
excess carbon dioxide. The purpose of this study was to tiw to answer the 
questions of why the carbon dioxide tension rises and of how to prevent this 
rise. 

Elimination of carbon dioxide has been studied during thoracic surgery in 
the prone position used by Overholt and in the supine position, as well as in the 
lateral position with and without artificial assistance of ventilation. We showed 
in our original papei-'' that the pneumonectomy cases present the greatest prob¬ 
lem. Therefore we have focused our principal attention on this group. A 
comparison of the data obtained when the patients are in the several positions 
demonstrates that position of the patient plays tlie major role in the development 
of or avoidance of a respiratory acidosis, in the absence of artificial respiration. 
Several other factors add to the patient's respiratory embarrassment; the exist¬ 
ing pulmonary disease, the anesthesia, the open pleura, the crippling imposed 
during surgery; but these are, of course, present in all positions and cancel out 
in the comparisons. 

Comparison of the work of the several groups now interested in this field 
permits some tentative conclusions as to the relative effectiveness of the two 
principal methods of artificial ventilation of the lungs, the hand and the machine. 

We have shown already that it is easy to maintain full oxygenation in nearlv 
all cases when patients are breathing the 96 volumes per cent oxygen possible 
^vith ether. Carbon dioxide excretion is the great problem: it is the subject of 
this paper. 




Condud of Anesthesia .—Premedication in most instances consisted of pento 
ba^l sodiiun 100 or 200 mg., morphine 10 or 15 mg., and atropine 0.6 mg. 

EaOorator.- of m., Medical School at the Ala.sachu=etls 

Read at the Thirty-first Annual Meetinp- nf « 

surger>- at Atlantic Citj-. X. J.. April 16-jl. 1951 !^ -Mnencan .Association for Thoracic 
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The subjects to be operated on in the prone position received the higher dosages 
mentioned, and this can lie assumed to account for the somewhat higher pre¬ 
anesthetic carbon dioxide tensions in this grouji." 

Patients in the lateral group* Avere induced Avith SO volumes per cent nitiw 
oxide and 20 volumes per cent oxA’^gen folloAved Iia”^ endotracheal ether-oxygen 
maintenance in a closed system AA'ith “circle” soda lime filter. Patients in tlie 
prone (Overholt) position Avere intubated under topical anesthesia and placed 
in the prone position. General anesthesia AA'as then induced AA'ith cyclopropane 
and oxygen. Anesthesia Avas maintained AA'ith ether and oxygen. The respira¬ 
tion AA'as assisted aetiA'elj' by' the hand-bag-squeeze method in all patients in the 
lateral position. An important limiting factor in the extent to AA'hich assistance 
can be gir'en to the respiration is hoAv much mechanical disturbance the surgeon 
can tolerate during his Avork Avithin the chest. Tn the prone and supine patients 
ventilation Avas not assisted. 

The Biochemical Determinations nnd Calculations w'ere carried out as 
described in our earlier papers.^'^ 

RESULTS AND DISCUSSION 

The data are presented in Tables I to V, atid are summarized in Table VI. 
It is evident that elimination of carbon dioxide in the prone position witlwul 
assistance of respiration Avas as good in the case of lobectomies and better in the 
case of pneumonectomies tlian in the lateral position Avith bag squeezing or 
machine (see Table VIII) as.sistancc to re.spiration. Not enough patients have 
yet been studied in the supine ]iosition for adequate eA'aluation; but it appears 
that patients on their backs as Avell as on their bellies (Overholt) are in a 
faA'orable position for the natural excretion (unassisted ventilation) than they 
are in the lateral position. 

Thus position is a prime factor in tlie rise in carbon dioxide during thoracic 
surgery. We are unable to agree AA'itli Taylor and Eoos° tJiat this rise is due to 
the action of ether on the respiratory center. In the first place ether is a respira¬ 
tory stimulant, not a depressant as far as minute volume of respiration goes, at 
the levels of anesthesia needed for thoracic surgery. Second no such carbon 
dioxide accumulation need occur in non-thoracic patients under ether. V\^e- 
shoAA'ed in tAA'enty patients undergoing surgery in other' parts of their bodies but 
during etlier anesthesia and in the supine position that there Avas no accumulation 
of cai'bon dioxide. This has more recently been confirmed in poor risk patients 
Avith advanced cardiac, respiratoi-y, and metabolic disease.^ Actually, these 
patieirts= blerv off carbon dioxide and the pCO, Arms a little below normal’at the 
end of the operation, illustrating the stimulant effect of ether on the respiration. 

Nor can Ave agree Avith Gibbon and his associates'' that the rise in carbon 
dioxide tension is “largely a result of the open thora.x, and not the lateral posi¬ 
tion upon the operating table. ” In the cases presented here the pleura was open 
in the prone and in the supine cases, A'ct AVithout any sueli tendency for the pCO, 

■ ^ee our previous popcU for a full description of placement or these patients. 
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Table IV. Pneujioneotomy, Pkone (Overiiolt) Position—Not Assisted 
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Table VI. Effect or Position on Caf.bon Dioxide Tension 



PATIENTS 

(NO.) 

AGE 

(YR.) 

PLEUr.A 

OPEN 

(MIN.) 

pii 

SERUM 1 
CO. 

(MM./L.) i 

to, 

TENSION' 
(MM. HG) 

Lobectomy 





25.9 

33 

Lateral position* 

8 

34 

90 

7.22 

20.2 

67 

Not assisted 







Lobectomy 




7.41 

28.4 

44 

Lateral position 

10 

40 

134 

7.35 

20.8 

48 

Assisted 







Lobectomy 





20.0 

40 

Prone (Ovcrliolt) 

12 

52 

92 

7.29 

25.5 

51 

Not assisted 







Pneumonectomy 




7.48 

20.0 

35 

Lateral position* 

5 

38 

122 

7.09 

20.9 

9S 

Not assisted 







Pneumonectomy 




7 

20.5 

43 

Later.al position 

S 

54 

342 

7 9G 

20.0 

5S 

Assisted 







Pneumonectomy 




7 .^7 

24.3 

41 

Prone (Overholt) 

12 

41 

75 

T 

25.1 

47 

Not assisted 







Miscellaneous, Open Thorax 




7 

27.0 

44 

Supine 

7 

52 

77 

7 84 

25.7 

46 

Not assisted 
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Table VII. PNEUiioNECTOiiiEs, Prone, Not Assisted (Changes Observed During 
Induction, Opening of Pleura, etc.) 


patient 

ANES¬ 

THESIA 

TIME 

(iMIN.) 

PLEURA j 
OPEN 1 

(MIN.) 1 

pll 

CO, 

TENSION 
(MM. HG) 

SERUM 

CO. 

(MM./L.) 1 


H. B. 

0 


7.40 

37 

23.9 

Preanesthetic 


20 

__ 

7.30 

41 

21.3 

Prone, no surgery 


(00) 

(20) 

7.32 

45 

24.5 

Chest open 


100 

120 

7.38 

38 

23.0 

Left lung out, chest 

L.D. 

0 

_ 

7.34 

48 

27.0 

Preanesthetic 


30 

— 

7.28 

53 

26.4 

Prone, no surgery 


75 

15 

7.27 

49 

23.9 

Chest open 


105 

45 

7.29 

48 

24.6 

Left lung out, chest open 


160 

100 

7.2S 

49 

24.2 

Cliest closed —- 


to rise. The only difference is the interference with the respiration produced 
by position.* 

With the effect of position on tlie accumulation of carbon dioxide clearly 
established, we can then turn to a consideration of the best way to prevent the 
accumulation of it. Gibbon and his associates reported on thirteen patients 
undergoing pneumonectomy.® Notwithstanding artificial ventilation by machine 
four of the thirteen more than doubled their carbon dioxide tension; they showed 
a veiy high carbon dioxide tension, that is, above 90 mm. Ho- at the end of 
operation. The levels in four patients out of thirteen are very liigli indeed and 
presumably dangerous. Their average carbon dioxide tension was 74 mm. Hg. 
Using hand assistance to respiration (bag squeezing) -ive liad only one patient 


’Serial determinations "^poor risk patien^s°"an<?''at'™o”presented 

in Tabie VII. These ner ^ l^bon dio-xide tension above 50 mm. He the pleura 

n-as open did eaber change in carbon dioxide tension in sJSnlel , accepted upper 

f'^openi^rSe pleura and just after opening the pleura. samples drawn just prior 
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this hieh and no other above sbcty-five. Our average, vah^ lor carbon divide 
tension in the assisted pneunionectoTOV group vras oS mm. Hg (see Table ^ ill). 
None of Overholfs pnenmonectomies carried out in the prone position showeil as 
much accumulation of carbon dioxide, wiihont any assistance to rcsim-aiion. ^ e 
are obliged to conclude, on the evidence to date, that assistance to the respiration 


Table VIII. 


CoMPAaisox or AIaxual IVmi M-icnncr. Assistaxce of Bespiratiox 
(P xEVMOXEcroiiiES. Latekai, Pcsrriox) 


1 j 

1 CASES 

pleuka j 

1 OPEK 

1 (MIA'-) 

i 

1 pH 

i SERU3I j 
1 i 

1 (MM./L.) : 

co. 

j TEKSIO"^ 

1 (MM.HC.) 

Gibbon et al. (Machine) 13 _ P" 

Tflvlor and Boos (M^anual) 0 105 ^—1 

Beei-lier et al, (Manual) S 142 7.2G 

pe.s 

25.7 67 

26.8 5S 


hy the simple hag squeezing method such as ive used is at least as good and 
apparently somewhat better and more dependable than that by machine, and 
that the prone and possibly supine positions are better than either. 


SUMilABV 


tVork by others has confiinied our original findiug that carbon dioxide 
accumulates to dangerous levels during surgery in the open thorax. This ac¬ 
cumulation certainly is related to position of the patient when these patients liai'e 
an open pleura, it is due to impairmeut of respiration. of ventilation, of the 
lungs. It can be, if not entirely eliminated, at least so minimized as to make it 
of no eonseqiienee by nothing more tlian choice of a fai'oiuble position. On the 
other hand, the simple expedient of bag squeezing by hand to assist the respira¬ 
tion gives dependable and relatively safe protection, at least as good as and ap¬ 
parently better than artificial ventilation by the more complex machine. 

The prone and the supine positions are most favorable for the natural 
excretion of carbon dioxide, hut let us say once again it is not our view that 
surgeons operating in the thorax need adopt either the prone or the supine 
position. They can choose whatever position that best suits them and suits best 
the surgery to be done, and rest confident that simple hag squeezing by hand 
will protect their patient, if they choose the lateral position. 

In conclusion, we have shown the existence in thoracic snrgeiw of a real 
and a common danger. This has been confirmed hy otheix, and we have shown 
that it can he overcome or at least effectively minimized by simple means. The 
use of these simple measures is extremely important. 


tVe wisli to acJvnowle'Ige our jiiaebte<3ne=s to Vr. Ekliarii H OverlmU 
Hospital, Boston, and to Br. Edward D. ChurcMl and Dr RiclSk n Sweet S tl^e VlTf 
elusetts General Hospital, Boston, for their pennission to stndv Wood gns^ •„' their ^ 
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DISCUSSION 

DE. H. C. MAIER, New York.—Dr. Beecher stated, I believe, that in their series acidosis 
occurred only during thor.acic operations, especially in the lateral position. AVe, lioweTcr, 
have even encountered acidosis in some abdominal cases operated upon in the supine position 
with ether anesthesia. One can naturally say that this is because the anesthetist was not 
adequately ventilating the lungs, and such criticism is justified. The point I wish to stre.^ 
however, is that it is my impression that as ether anesthesia is employed throughout 
countr}' there are many instances in many clinics, the same as in ours, where acidosis occur, 
due to depressed respirations. Of course the problem of respiratory acidosis is a much more 
important one during thoracic procedures with an open chest. 

(Slide.) This first slide indicates the pH and CO, tension changes in a patient 
going lobectomy and decortication in the lateral position. I would like to emphasize at ^u- 
point that we feel strongly that every anesthetist, every anesthetic technique, as well 
anesthetic agents, may cause certain variations. In this patient, as is not infrequently rue 
in our cases, we tended to get the patient fairly deep before intubation was done in or 
to have it performed in a smooth manner from a technical standpoint. As a result in " 
case we had respiratory acidosis early, although the oxygen saturation stayed quite norni' 
throughout operation. So here we have an instance in which before the patient was turnei m 
the lateral position we had a lower level of the pH than at any time throughout the intrsi 
pleural part of the operation. This shows the variations that may occur. 

(Slide.) This chart records the pH and CO. changes during an operation for mediastma 
lymphosarcoma performed through a lateral approach in a somewhat emphysematous individua. 
Here again we had a marked drop in pH before we turned the patient into the lateral position, 
due to decreased ventilation, and in this patient too there was no hypoxia at any time. Then 
the anesthetist gave more adequate ventilation while in the lateral position and corrected 
the respiratory acidosis, but then another drop in pH occurred later due to the combination 
of open chest, lateral position, emphysema, and less adequate x-entilation. Eapid improve¬ 
ment in the acidosis occurred at the end of the operation in this patient who had no secondary 
circulatory disturbance. 

(Slide.) Here is a case of abdominal gastrectomy with ether anesthesia showing a drop 
in pH. One can correctly say that this acidosis is due to depressed respirations and inadequate 
ventilation. But the point is that it did occur in this patient, although there was apparently 
clinically satisfactory anesthesia with normal oxj-gen saturation throughout. 

(Slide.) This slide shows the pH plotted against length of time from the beginning 
to the end of a miscellaneous group of operations. You will note that in the absence of 
any circulatory disturbance occurring during operation there is a rather rapid correction of 
respiratory acidosis at the end of the operation. Determinations made only at the beginning 
and the end of operation may give us very little information about what may occur in between 
these times. If we study this problem we have to get repeated readings throughout the 


procedure. 

DR. E A"ARTS A. GRAHAM, St. Louis.—I had no intention 
. iiora but I would like to c.all attention 


EK. EVAwi-o 11 . 7 ^ --.-.-.uu whatever of discussing 

this paper when 1 came here, but I would like to call attention to one or two very simple 
Ihings AVe are constructed in such a way that the .act of inspiration consists, at least partly. 
o^Xation of our ribs and expan.sion of the thorax forward by that meauL If ^ iL on 
tlm cliest in the prone position without any as.sistance in getting air into the lungs, with 
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eacK have to it.iso the tnmk off from whatever it is Ave are ^ 

other -KDxds, otiT respiratorv timsdes have to do much harder work thau they had to do 
before If we lie oa oae side we can breathe more comfortably than if we be flat on the 
che^ and measurements of vital capacity in a normal individual will show that fact. How¬ 
ever, if, with the patient in the lateral position, one opens one side of the chest, and puts that 
part of the chest out of commission more or less as a respiratory organ, then the unopened 
side of the thoras has to lift the trunk with each inspiration, and is han^capped by not 
havins the help of its feUow on the other side, and so of course without artificial assistance 
again respirations are going to be seriously embarrassed. If we lie on the back, all we have 
to do with inspiration is to enlarge the front part of the thorax; we do not have to Hft the 
trunk with each inspiration. Therefore, from the standpoint of an ideal position to miniime 
handicaps to inspiration, it naturally follows that the best vs on the back—the supine position. 
The conditions are stiU further improved, as judged by the vital capacity, if tbe trunk and 
head are elevated to an angle of about 4o degrees. In any condition, however, in which 
respiration is embarrassed bv fiuid, by weak muscles, low vital capacitv*, anestbesia- ^whatever 
yon wish—it is natural that we ought to protect the body as much as possible by giving 
artificial assistance. 

It seems to me that much of this discussion about wbetber or not a patient shonld be 
operated on in the lateral position, supine position, or puone position, comes down chiefly to 
the question of—are you going to see to it that the patient ventilates his inngs properlyl 
That is really the prohlem. 

During onr work on the Empyema Commission in World War I we did many experiments 
on ourselves, that is, on normal people and on siek people as well, and we thought that we 
demonstrated pretty satisfactorily that the prone position, of all of them, is the vrorst from 
the standpoint of ventilating the lungs automatically, spontaneously, if the patient is lying 
on a hard surface, because, as I have just said, with each inspiration he has to lift his whole 
trunk every time he breathes. Of course Dr. Overholt’s table makes the prohlem a different 
proposition; it is not the same thing at all. But it all gets hack to the fundamental prop¬ 
osition of ventilation, and I think position is much less important than to bear in mind the 
fact that it is ventilation that is needed. 

DB. PAUL W. SANGEK, Charlotte, N. C.—1 think Dr. Beecher has shown convincing 
evidence that there is an increased CO. tension with the patient in the lateral position, and 
the reason we do not get into trouble more often must be because the safety factor is prettv 
large. There are a few conditions, however, in which we cannot depend on the safetv factor. 
We think there are four such conditions, namely: (1) when there is a case with anticipated 
large blood loss when it is recognized beforehand that the lung is adherent to the chest wall- 
(2) when the patient is acutely iU; (3) when the vital capacity is low, especially in emphy¬ 
sematous patients; and (d) when we cannot depend on the anesthesia. 

In these four groups of patients we are obliged to operate with the patient in the supine 
position. We have found it expedient to do an anterior thoracoplasty with the removal of 
tlie first five ribs to the posterior axillary line, also including their respective costal cartilav-es 
By using the anterior approach, after having removed the ribs, we find that the mediasthii 
structures can he isolated, lig-ated, and severed very easily before extreme hemorrha'cre is 
created by avulsing tbe adherent lung from the chest wall. Thereupon the bleedin-r can be 
readily controlled by pressure. The postoperative emphysema prohlem. which has been dis¬ 
cussed this morning, we feel is adequately controlleQ by the anterior removal of the first five 
position of the patient reduces the contralateral infection factor and we 
thi^ the partial thoracoplasty minimizes the postoperative formation of bronchopleural fistula 
and empyema. In the seventeen patients on whom we have used thus procedure we have had 

pLSr' ttncontrollable eom- 

DB. RICHABD H. OVEBHODT, Brookline, Mass.—I tlimk we will . 

work of Dr, Beecher has contributed to Our total knowledge of the problem of°l n ** 
mamtam ventilation daring intrathoracic procediires. Dr Graham mentioned a ^ 
point Which was. in effect, that although laboratory T^rinyiTeT'ot 
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position might favor another, when we are confronted witli the problem of getting the sick 
person well each surgical team should select that type of approach which will provide the best 
operation in its hands. There is an adva.ntage for a particular surgical team to develop a 
more or less routine type of approach that can be carried out with dispatch and convenience. 
In that waj’, you add to the safotj- factor. 

Originally, in working with the prone position, we had in mind improving the drainage 
from the lung as well as improving ventilation on the contralateral side. Then we found that 
the most serious-risk patient, the patient with the wettest lung, tolerated the open chest better 
in that position than the good-risk patient with a dry lung did in the lateral position. \\e 
came to the conclusion that if this position was of advantage to a bad-risk case, it ought to 
add to the safety in the management of the good-risk case. Another advantage of the prone 
position is that one may want to do something more than just excise a lung and, in the supine 
position, it is a little difficult to carry out a concomitant thoracoplasty if a simultaneous 
thoracoplasty is contemplated at the time of resection. Again, in gome instances where the 
lung is densely bound down or is involved in a large tumor mass, it is important to have a 
wide exposure. Then, an approach from the posterolateral aspect has great advantage. Tliere 
are many factors which enter into the equation, and no one will quarrel with the general 
proposition that each surgical team must select that particular position which will provide 
for its patient the greatest margin of safety. 


DR. JOHlsr H. GIBBON, Jr., Philadelphia.—I think we are all agreed that when tie 
pleura is open ventilation is verj' important. I think it would be nice to state before thu 
Association that our Honorary Member, Clarence Crafoord, was one of the first, ten years or 
more ago, to emphasize the importance of pulmonary' ventilation under tliese conditions. AkOj 
Drs. Beck and jMautz were among the first thoracic surgeons in this country to appreciate 
Crafoord’s work. 

I think Dr. Beeclier is to be congratulated upon being the first to report a carefully 
studied series of patients demonstrating the danger and the everpresent hazard of accumula¬ 
tion of CO 2 , with an increase of CO, tension and a drop in pH. I think he has also denion- 
strated that it is probably more difficult to provide adequate ventilation in Ihe lateral position. 
However, I am not yet convinced that we cannot provide adequate ventilation in that position. 

Another tiling which I tliink should be borne in mind is that with these relatively small 
series of cases which we all have, there is quite a large individual v'ariation. Both Dr. Beecher 
and I have reported averages and have also given individual oases. But we have had patients, 
as Dr. Beeclier has I know, that have been operated upon in (he lateral position without auv 
respiratory’ acidosis. 

Wliy is it tliat is some cases acidosis develops in spite of apparently adequate ventilation? 
I think very often it is because the patient is emphysematous or has a o-reatly reduced vital 
capacity. In other words, we are dealing with the type of patient in whom, probably in any 
situation, it might be difficult to avoid an increase in CO, tension. I think before we come 
to rigid conclusions about position or method of ventilation —I hold no brief for the nicclianical 
method of ventilation—we sliould remember that our series are still small that we must 
collect more data, and that we must ascertain the facts about these enormous individual 


variations. 

Finally, I might add relative to that point that we did study one patient on whom a 
pneumonectomy was performed in the Oyerholt face-down position. Tliis patient had the 
most severe respiratory acidosis of any in oar senes despite determined effort to provide 
adequate ventilation. The citing of tins single case again does not constitute evidence that 
the position was at fault. I think Dr. Beecher has very suggestive evidence that in tlie prone 
and supine positions it is easier to avoid respiratoiy- acidosis than it is i„ the lateral position. 
I am merely pointing out tliat there are marked individual variations with the use^of any 

^ What we all want to be able to do is to reco^ize the development of respiratory acido.si.« 
when the patient is being operated blood samplffig now which 

“Sts rsy-ir- 

;:r.p.~uo» “ *•* a^ppms js.. 
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are all interested in the development of some method of knovring quickly, easily, and con 
Suousirthe percentage of earhou dioride in the er^pired gases during a prolonged operatron. 
I hope someone vvill develop such a method in the nest few year:. 


DB. LLOTD H. HOXJSEL, Seattle.—Dr. Beecher is to be complimented for the fine 
work he has done on respiratory acidosis. 

He spoke about assisted respiration. Perhaps we should mention .come or the methods 
of assisting respiration and compare them with controlled respiratiom There is a great deal 
of difference, and certainly we must at times interfere seriously with the lesser circulation 
when we assist or control this most important function. 

In a preliminary study made by Dr. Howard Pierpont a Uttle more th^ a year ago, 
pressure readings were made within the pulmonary arteries of dogs during assisted and con¬ 
trolled respiration. The pressure within the pnlmonary artery rose markedly in those animals 
which were being subjected to controlled respiration. In my opinion, Pierpont’s observations 
are of clinical importance. If we control respiraticn, or assist it too vigorously, it seems 
reasonable to assume that a pidmomiry hypertension will develop. This increased work load, 
suddenly thrown upon a right heart in which myocardial changes are already present, may 
result in congestive heart failure or even sudden death during operation. Young patients with 
normal hearts undoubtedly compensate for the pulmonary hypertension which results from 
positive pressure breathing. Patients in the older age group ought to be watched carefully. 
If assisted respiration is necessary the mechaiueal efforts need to be coordinated with the 


patient's own efforts to breathe. The amount of pressure exerted on the breathing bag should 
be limited to that pressure which will assure a sufficient tidal volume of respiration. At the 
end of the inspiratory phase the pressure within the breathing system should be allowed to 
drop to atmospheric pressure. 

Controlled respiration should be avoided if possible. In case there is need to control 
respiration for a short period, sustained pressures are to be avoided. Any amount of constant 
positive pressure within the breathing system will be transmitted to the alveoli. The pulmonary 
capillary system will bo compressed, preventing adequate filling and resulting in increased 
pressures within the chambers of the right side of the heart. 


DK. OSLEB A. ABBOTT, Atlanta.—^First, I would like to say that the ventilation factor 
so thoroughly stressed by Dr. Beecher is piobably the most important one in this discussion. 
I wonder if, by any chance, we are missing souiethlng else of major importance. There is 
a difference in the position, both of the lobe upon which we must operate and the adjacent 
lung structures, according to the position in which the patient is operated upon. The degree 
of traction upon an adjacent lobe and displacement may weU kink the vessels in the hilus, 
and in some cases partially obstruct pubnonaiy venous return and set us a temporarv state 
of pulmonary vascular congestion. This kinking is much minimized by the face-down position. 
There is also the factor of the traction and torsion upon the bronchial hilar structures and 
their effect upon pulmonary function and bronebospasm. 

IVe used to be members of the lateral position school. It was customary, durino- the 
first week or ten days following surgerv-, to visnaUze a well aerated residual lobe foUmvint' 
lobectomy, but to find rather inadequate breath sounds on auscultation. Following cough 
these breath sounds would come through in a mildly tubular character. TTe have Mt that 
this is a good clinical sign of puhnonaiy dysfunction on the operated side and may be related 
to resolution of congestion, or even of ecchymosis in the retracted lobe. This sitnation of 
di^shed to absent breath sounds over a residual, roentgenologic-ally demonstrablv espanded 
lobe, does not occur following the face-down position, and we feel it is due to the lack nf 
torsion upon the Mar pedicle and, indeed, the lack of handling this lobe almost completelv 
durmg simgery. ye yuld therefore like to stress that there is more than just the ventBator^ 

focty; there is aho the handling of the lobe and the kinking of the vascular pedicle and of 
the bronchial pedicle to the lung. . i--oiar peuicie and of 

Before terminating my remarks. I would like to PTnoinciTo a 
of the sternal rest which may he used in the face^iown position, partieSrHyth 
attachments which are used with the usual operating ^able. The Wr -temL ® 
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may be a very marked compression of tiie heart and actuallj' a physiologic cardiac tamponade 
produced if the sternal rest is placed in the midsternal or lower sternal region. It is rerj 
important that this rest be placed so that it impinges upon the sternal notch. This is a good 
thing for which to look in the patient whose blood pressure falls and pulse pressure seems to 
contract when placed in the face-down position. 

DR. ROBERT H. WYLIE, New York.—Added evidence of this mechanism has leen 
observed by us during the course of operation for mitral stenosis. With continuous electro¬ 
cardiography wc have observed bundle of His and nodal rhythm, and T-wave changes wliidi 
have been completely obliterated by asking the anesthetist to increase the ventilation. 

DR. CLARENCE DENNIS, Slinneapolis.—Some of us in Dr. Wangensteen’s depart¬ 
ment in Minneapolis have been working for several years to try to develop a combined pump 
and oxygenator that would support the entire circulation without the employment of the lungs 
or heart of the subject in question. One of the major problems wliich has perplexed us is 
the problem of elimination of carbon dioxide in our dogs prior to the time the machine is 
employed. AVe have had our dogs on one side much of the time and have opened both si c. 
of the pleura, and it has been possible to examine the domi side lung, both during and a ter 
the procedure, and in those dogs sacrificed some time afterward. 

AVe were not satisfied with any of the methods of maintaining respiration, usiUo^^^^ 
lungs, that were available to us. AVe therefore developed a respirator which seems to 
solved the problem for us. This is not the time to describe this, but I would like to poin on 
that the things that seemed important were these: In the first place, the expiratory 
must be characterized by a sharp drop all the way to atmospheric pressure, as Dr. - 

emphasized. In the second place, during the inspiratory phase, the lung must be mam am^ 
with a plateau rather than a peak of pressure, and we have found that, so far as our 
were concerned, a plateau of IG or 17 cm. of water pressure occupying about one-third o 
respiratory cycle is enough to keep the down side lung from undergoing compression atelec as 
from the weight of the mediastinal structures that lie on the lung during the time the dog is 
in that position. 


DE. BEECHER (closing).—I am grateful to Dr. Graham, Dr. Maier, Dr. Sanger, • 
Overholt, Dr. Gibbon, Dr. Mousel, Dr. Abbott, Dr. AA’ylie, and Dr. Dennis for their helpW 
discussions. 

Dr. Maier emphasized the fact that too deep anesthesia is undoubtedly common over the 
country; I know that is so. One need not use overly deep anesthesia to carry out any km 
of surgery needed. Of course the most difficult problem so far as this is concerned is upper 
abdominal surgery. We have a good deal of blood gas data during upper abdominal surgery 
and we know that abnormal elevation of carbon dioxide tension is not necessary even here. 
The acidosis Dr. Maier spoke of midway in his operations is doubtless due to the fact that 
most anesthetists (and surgeons) like to have their patients much more deeply anesthetized 
midway in the operation than they do at the end. AA’e hope we iiar’e shown that the surgeoa 
operating in the thorax can use whichever position is best for the surgery and best for his 
omi practices. It is obvious that if the surgeon does use tire lateral position, his anesthetist 
must employ some kind of aid to ventila,tion. I hope I did not sound dogmatic in arguing 
for the bag-squeeze method over the machine. I am simply recording that, at the present time, 
the simple bag-squeeze method—and I must say simple methods appeal to me more than com¬ 
plex ones—the simple educated hand is at least as good, so far as we can tell from factual 
data at present available, as the more complex machine. As Dr. Gibbon pointed out, four of 
his pneumonectomy patients did show acicosis. Neither are we successful in maintaining the 
acid-base equilibrium we would like in the pneumonectomy case. Neither method is perfect. 
We need to know a good, deal more about how to perfect these methods. Eises in four out 
of thirteen is not good enough. Our record is no better and it is not good enough either. 
The situation could be handled much' better 1'“'^ some way, as Dr. Gibbon pointed out 

so well, of detecting when the pCO- rises to troublesome levels. Dr. AVylie spoke of his work 
ivith Dr Himmelstein indicating that electrocardiograms are of assistance, and perhaps that 
wm hfonfway of indicating when the tension is getting too high. ’ 



MUCOID IMPACTION OF THE BKONCHI 

Robert R. Shaw, IM.D ® 

Dalias, Texas 


W ITHIN the past four j'ears Ave 'have seen ten patients suffering from what 
seems to be a distinct clinical entity Avithin the liuigs that has not been 
clearly described in medical literature. These patients aU had an tinderlj ing 
condition of asthma or chronic obstructive bronchitis. We have used the de¬ 
scriptive term “mucoid impaction of the bronchi” to designate this entity. It 
is important that it be recognized clinically since its sj-mptomatology and roent- 
sen appearance may closely simulate otlier diseases—namely, neoplasm, abscess, 
and tuberculosis—AA-hieh have an entirely different prognosis. 

Mucoid impaction of the bi-onchi results from a localized accumulation of 
inspissated mucus in tlie bronchi. Typically, this impaction occurs in the 
second order branch bronchi distal to a bifurcation. The impaction groAvs in 
size, layer by layer, in a laminated manner to finally dilate the bronchus in 
Avhich it lies to many times its normal diameter. As the impaction enlarges it 
compresses the neighboring branch bronchus so that it also accumulates a mucoid 
mass AA'hich enlarges in the same manner. As the bionehial Avail is dilated by 
the mucoid mass it becomes infected. The cartilaginous elements are almost 
entirely destroyed, and there is an infiltration of lA-mphoeytes and eosinophilic 
neutrophils into the Avail. The characteristic yelloAvish-AA'hite appearance of the 
normal bronchus changes to a reddish broAvn. The mucous lining loses its 
ciliated columnar epithelium and is replaced by scpAamous epithelium. Beyond 
the blocked bronchus suppuration occurs. This suppAAration may be in the form 
of an abscess. This abscess, however, is of the nonputrid variety. At times the 
suppuration is entirely intrabronchial, causing eventually the formation of cystic 
bronchiectasis. Typically these cysts nill be completely filled Avith puruleiAt 
secretion. Seldom Avill air slip by the mucoid masses to occupy space Avithin these 
cysts. The alveolar spaces Avliich remain intact contain an amorphous eosinophilic- 
staining material Avhieh contains numerous plasma cells, Ij-mphocytes, and 
occasionally giant cells. Commonly the bronchioles are filled Avith neutrophils 
and lipophages. Fat stains may reA-eal fat m epithelial cells of some of the 
bronchioles and alveoli, and at times the fat is free due to the breakdown of the 
macrophages. 

The plugs of mucus range from 2.5 to 3.5 cm. in length and from 0.9 to 2.3 
cm. m diameter. They are a glary, greenish-gray in appearance, and putty-like 
m consistency. The cut surface reveals a thick, tenacious ropy material.' Sec- 
limi of the plugs reveals evidence of lamination. 
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The most striking feature of the patliology is tlie gross finding of the paired 
impactions of mucoid material in major branch bronchi, and the lipoid granu¬ 
lomatous inflammation of the destroyed wall of the involved bronchus and the 
pulmonary tissue beyond the plugs. 

ROENTGEN FINDINGS 

The roentgen appearance of mucoid impaction may be quite varied. The 
mucoid plugs themselves are large enough to be shadow producing (Figs. 4 A 
and 5 A). The shadow is characteristically near the hilum of the lung and ap¬ 
pears as a V-shaped shadow. As with a hilar neoplasm the shadow cast hy the 
plugs may be masked bj^ the larger shadow due to the suppuration beyond (Fig- 
3 A). The shadorv east bj'^ the suppuration varies. It may be typical of a 
pneumonitis (Fig. 2 B). This may be the reaction actually' present in Loefflers 
syndrome. Characteristically the suppuration beyond the plugs casts a sharpl} 
circumscribed dense shadow which is indistinguishable in appearance from a 
pulmonary neoplasm (Figs. 2 A, 3 A, and 6 A). If air is able to slip past the 
mucoid plugs an annular shadow denoting an abscess with a fluid level may hr 
seen (Fig. IB). In other instances ej'sts uniform in size with or without fluid 
levels may be evident (Fig. 5 A). Serial roentgenograms may show clearing of 
one segment of lung only to have the same type of shadow reappear in other 
distant segments. At times the sharply circumscribed shadows may completrb 
disappear leaving little roentgen evidence of damage to the lung (Pig- * 
With clearing of the suppuration the shadow's cast by the plugs may persist. 


CASE REPORTS 

In eight of the ten cases being reported the diagnosis was confirmed h.r 
examination of the surgical specimen. 

Case 1. E. C. F., a 54-year-old man, had liad frequent intermittent colds and coug 
for tlie past twenty-five years. The cough had always been nonproductive. For the past n®® 
months he noticed dyspnea on exertion, weakness, and anorexia. There had been no fever. 

Bronchoscopy: (May 11, 1948.) There was thin watery- secretion in the trachea, n 
bronchi, and their branches. Around the dorsal bronchial orifice on the right the mucosa 'W® 
thickened and inflamed. Purulent material could be seen coming from this bronchus. ^ 
neoplastic tissue could be seen. Bronchography showed obstruction of the dorsal bronc u 
on tlie right, and cystic bronchiectasis of the anterior segment of the right upper lobe (Fig- 
IB). 

Operation; (June 24, 1948.) Preoperative Diagnosis: Question of bronchiogeni 
carcinoma. Bronchiectasis anterior segment, right upper lobe. Tlie right chest was opens 
through the sixth rib bed. There were adhesions between the dorsal lobe and the posferW 
chest wall and also adhesions in the interlobar fissures, but otherwise the pleural cavity was no 
obliterated. A hard mass could be felt in the dorsal lobe which was thouglit to be carcinoma- 
The bronclius to this lobe was especially hard, and there was no doubt in the operator’s nun 
that a malignancy was present. The dorsal lobe was removed by dissection technique. T 
anterior inferior segment of the upper lobe was removed in the same manner. Before t 
chest was closed the specimen was examined, nad it was found that tw'o large plugs o 
inspissated mucus had greatly- dilated the branch bronchi to the dorsal segment. Beyon 
these dilated bronchi was saccular bronchiectasis with pneumonitis and fibrosis. 

Postoperative Course: In the first postoperative check-up film a rounded shadow ap 
proxiraately 4 cm. in diameter was noted in the lower portion of the right chest. (Fig. 1^.) 



;M'UC0ID impaction 01’ BUOKCHI 




Fiff, 1. A ami B ,—(Case 1) Xotc UifiCuse shaAow in ripht Uatoral bronchcvprain 

shows saccular bronchiectasis of anterior segrntent of upper lobe anti abrupt block of Oori^al 
bronchus by a discrete shadow-produclng lesion. Block was nuicoid impaction. 


, . li C and D ,—Two montlis following resection of nntfv^rior 

lobe and dorsal segment of lower. A rounded shadow due to mnrJnrn 

winch later almost completely disappeared. ^ mucoid impaction has appeared 
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TJie most striking feature of the patliology is the gross finding of the paired 
impactions of mucoid material in major hrancli bronchi, and tire lipoid granu¬ 
lomatous inflammation of the destroyed wall of the involved bronchus and the 
pulmonary tissue beyond the plugs. 


ROENTGEN FINDINGS 

The roentgen appearance of mucoid impaction may be quite varied. The 
mucoid plugs themselves are large enough to be shadow producing (Figs. 41 
and 5 A). The shadorv is characteristically near the hilum of the lung and ap¬ 
pears as a Y-shaped shadow. As with a hilar neoplasm the shadow cast by the 
plugs may be masked by the larger shadow due to the suppuration beyond (Fig. 
3 A). The shadow east by the suppuration varies. It may be tyqiieal of a 
pneumonitis (Fig. 2 B). This may be the reaction actually present in Loefflei s 
syndrome. Characteristically the suppuration beyond the plugs casts a sharp!) 
circumscribed dense shadow' W'hich is indistinguishable in appearance from a 
pulmonary neoplasm (Pigs. 2 A, 3 A, and 6 A). If air is able to slip past the 
mucoid plugs an annular shadow denoting an abscess with a fluid level ma) he 
seen (Fig. i B). In other instances cysts uniform in size w'ith or w'ithout du'd 
levels may be evident (Pig. 5 A). Serial roentgenograms may show clearing of 
one segment of lung only to have the same type of shadow' reappear in othei 
distant segments. At times the sharply circumscribed shadows may completely 
disappear leaving little roentgen evidence of damage to the lung (Fig. T 
With clearing of the suppuration the shadows cast by the plugs may persist- 


CASE REPORTS 

In eight of the ten eases being reported the diagnosis was confirmed hy 
examination of the surgical specimen. 

- ma", Imd l.ad frequent intermittent colds and coug!> 

for U.e past The cough had always been nonproductive. For the past nine 

months he noticed dj spnea on e-xertion, weakness, and anorexia. There had been no fever. 

m-onohoseopy • (May 11 1948 ) There was thin watery secretion in the trachea, both 
bronchi, and their branche^ Around the dorsal bronchial orifice on the right the mucosa ivas 
thickened and inflamed. Purulent material could - ! Z, - i 

neoplastic tissue could be seen. Bronchograpl.y showed oblZo’ifonT tl.rdorsal 
on the right, and cystic bronchiectasis of the anterior segment of the right upper lobe (Fig- 

Operation: (June 24 1948.) P>-eoperativo Diagnosis : Question of bronchiogenic 

carcinoma. Bronchiectasis anterior segment, nght upper lobe. tS r it chest was opened 
througli tlie sixtii rib bed. Tliere were adhesions betweon ' f . 

chest wall and also adhesions in the interlobar fissures, but ^ tiMvas not 

obliterated. A bard mass could be felt in the dorsal lobe wliiri . *1*^ pieural cavitj • 

The bronchus to this lobe was especially hard, and there was no find 

mat a malignancy was present. The dorsal lobe was remote" bvdi “'p " TT ^ 

anterior inferior segment of the upper lobe was removed in the san^mannw Sore tbe 
chest was closed the specimen was examined, nad n wa.s fonn^ tZt T T TL of 
• Qotpd mucus had greatlv dilated the branch bronclii to tl i 

i I. P...™ 

Postoperative Conrsc: In the first postoperative check-np Z T^' 
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Pig. —'(Case 4) A, Dense shnaow in right upper Jobe, Vpv^r lobe lotectomv revealed 
mucoia imj^ction 'W'ith nonputrid abscess* beyond obstructevi bronchus, B, Six month® 
loUovring loU'ctomy there was an indication of the same process beginnini: in left lower and 
lefj. upper lobes. “ 



C. 


C. (Case 4. J. T.) Bight upper lobt Xote lar£r<- - 

ana Wockinsr a brauch b^nchul of mucus diiating 
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The etiology of tins siiadow was not determined, and one montli later it had disappear^. 
(Fig. ID.) The patient continued to have cough and expectoration of moderate amouiits oi 
thick, tenacious mucus. He did, liowever, begin to gain weight hnd strength. 

Ca.se 2. J. L. 13., a 2o-yoar-old physician, had had bronchial asthma all of his life. 
.Skin tests had revealed numerous specific allergies. A roentgenogram of his chest in April, 
1947, was perfectly clear. In June, 1947, he had a bout of fever which was diagnosed as 
atj’pical pneumonia. At this time in the roentgenogram a shadow was seen in the base of the 
right upper lobe. He responded well to penicillin, but the shadow in the subapical segment 
of the right upper lobe never entirely disappeared. This was observed over a period of a 
year. Since the shadow persisted, and the patient continued to have low-grade fever, multiple 
hemoptyses, and undue fatigue, right upper lobe lobectomy was advised. 

At operation, July 10, 1948, examination of the right upper lobe bronchus revealed 
gross dilatation of the branch bronchi to the subapical segment of this lobe. Since the 
bronchus was partially destroyed it was decided that an upper lobe lobectomy would he 
necessary in order to section the bronchus in normal tissue. 

Pathologic Examination: Upon opening the grossly dilated bronchi two large plugs of 
inelastic soggy, dessicated, gellatinous mucus were found. Beyond the plugged bronchi was 
cystic bronchiectasis filled with cream 3 ’' pus. 

Postoperative Course: The patient made an uneventful postoperative recovery auii 
stated that he has been more free of the asthma than at any other period in his life. 

Case 3. E. Z., aged 14 years. One month before admission to Baylor Hospital on 

2, 194/, this boy noticed a slight cough and fever. The cough was nonproductive. The 
temperature rose to 103° F. He was treated with penicillin, and the temperature soon receded 
to normal. The roentgenogram of the chest showed a shadow in the right upper lobe which 
had persisted in spite of the chemotlierapy. There was no sputum. This patient had been 
asthmatic all of his life. On August 12 a right upper lobe lobectomy was done. At surgery, 
there were found to be dense adhesions between the visceral and parietal pleura over the 
right upper lobe. There were numerous enlarged lymph nodes in the hilum of the upper 
lobe. 

His convalescence was uneventful, and he has remained well. 

Pathology: There was marked induration and firmness throughout 85 per cent of the 
specimen. On cut surface through the indurated area there was a marked outflow of thick, 
purulent material from numerous areas. On tracing the bronchi a large impaction of mucoid 
material was encountered measuring approximately 3% cm. in length and 1.3 cm. in diameter- 
This mucoid mass was blocking the bronchus to a major portion of the lobe 


Case 4.-0. u agea ao years, nad, been troubled with asthma most of his life- B 

o’"/, ro?n , ; a roentgenogram was taken of the chef 

on April 22, 1949, which showed a dense area in the right upper lobe {'Pig 2A ) 

Bronchoscopy: (Nov. 9, 1949.) The mucosa surrounding the upper lobe orifice wr 
liyperemic and edema ous. There was no evidence of neoplasm. A sucker tip was passed int 
the right upper obe bronchus and a small amount of thick secretion was obtained which i« 
studied for neoplastic cells. Tins study revealed no atypical cells 

Preoperative Diagnosis: Nonputrid abscess of Inrirr^ -d , . 

^ . /-NT tn -inm \ ^ Brouchiogeiiic carcinoma. 

operation: (Nov. 10, 1949.) The upper lobe was removed without difficulty by ligate 
technique. A complete parasympathetic denervation of the remaining portion of the righ 
lung was carried out because of the underlying asthmatic condition 

!“ The ..io, h,.eehi .. ,h. ,.h. »» 

plugs of mucus. _ A e , 6 

Postoperative Course: Tlie patient made an uneventful recor/./- ^ 
and returned home. At check-up e.xamination on December 17 , it was I 1 

coihing very little. He had gained weight, and the breath sounds seemed i 'll 

:,“,S ,ha. O.’..,. » I. Apri., 1«0, ho.evee, he h.„. 
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Uis chest. At that time, Toentgenogram showed areas of pneumonitis in both the upper and 
lower lobes on the left, which indicated that the same process that had been seen in the right 
upper lobe was starting there (Pig. 2B). 


i 


Fig. 2.—(Case 4) A, Dense shadow in right upper lobe. Upper lobe lobectomy revealed 
mucoid Impaction with nonputrid abscess, bej'ond obstructed bronchus. £. Six months 
following lobectomy there was an indication ot the same process beginn'me in left iower and 
lOlL UppOr 10u95. 




^ bloching’t' bran^'SInchu?!*^ impaction of mucus dil, 



154 


THE JOURNAL. OF THORACIC SURGERY 


Case 5.—!Mrs. J. M. was admitted Fob. 15, 1919. Tliis 57-year-old woman had noticed 
a pain in (ho left chest which radiated down the left arm for the past year. There had been 
no cough and no weight loss. .She stated tiiat she wheezed when she lay on her left side. She 
had noticed no fever. The past history' was noneontributory except for a questionable 
coronary' attack seven years previously. 

The roentgenogram of the chest showed a large, rounded shadow in the left midlung 
field (Fig. 3^1). 

A diagnosis of pulmonary neoplasm was made, and surgery' was advised. 

Operation: (Fob. 16, 1949.) When the left chest was opened the upper lohe was found 
to 1)0 densely adherent to the chest wall. The lower lobe was completely free of adhesions. 
.Since the liiluin was uninvolvod, only the upper lobe was removed. 

The patient’s convalescence was uneventful, and she has had no recurrence of similar 
trouble. 

Pathotogy: Upon soctioniTig the lobe removed, a large multiloculated space was opened 
which contiiined brownish semisolid material. The bronchus supplying this area was great!) 
dilated by a large mass of inspissated mucoid matcripl. Microscopic c.xamination of tins 
bronchus .showed the mucosa to be thin and atrophic and densely infiltrated with infl.animator) 
colls. 



I^is. 


A. 


B. 


3 .— (Case 5) Left upper lobe lobectomy done for 
tion found. B, Eight months following- 


suspected neoplasm. A, Alucoid 
resection chest was clear. 


inipac- 


Casb G.—Mrs. J. B. H., aged 53 years, developed virus pneumonia in March of 19d9- SI'C 
had a hard unproductive cough. Slie stated that she had had previous difficulty with Jier right 
lung. She had been asthmatic all of her life._ At one time she coughed up a hard plug 
material, and this was followed by the coughing up of mucli pus. Roentgenograms showed 
destruction of the right middle lobe (Figs. iA, B, c). Eig-lit middle lobectomy was devised. 

Preoperative Diagnosis: Mucoid impaction of tlie right middle lobe bronchi with 
residUtil fibrosis. 


Operation: The pleural cavity was tree ol adhesions except over tlie middle lobe where 
adhesions were dense and vascular. The middle lobe was removed hy dissection teclinique. 

Postoperative Course: Postoperative convalescence was uneventful, and the patient’s 
health has been greatly improved. 

Pathology: One branch bronchus of the middle lobe cont.nined a large, oval foreign 
Ijody of thick, tenacious, mucoid material. It ensured cm. in Jengti, by 0.9 cm. in 
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diameter. Sections tb.roa"h other areas revealed similarlr dilate«j bronchi which extende<i 
toward the peripherv of the lung tissue. These were tilled with tenacious mucoid material. 
Bevcad these areas there was bronchiectasis. CTlindrical in tj-pe. Se<;tions through the gross 
mucous plug obstructing the bronchus revealed it to 1-e eomposeil of laniinateti layers of eosino¬ 
philic mucoid mo-terial. 
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Case 7.—0. E., aged 19 years, liad been sick for over a year with a chronic cough which 
was productive of small amounts of purulent sputum. Tubercle bacilli could never be found 
in the sputum. Nevertheless a diagnosis of pulmonary tuberculosis was made, and he speut 
si.v months in a tuberculosis sanatorium. It was finally realized that his disease probably was 
not tuberculosis. Since this patient had been troubled with asthma most of his life, it was 
suspected that he had mucoid impaction of the bronchi. E.xploration of the left chest was ad¬ 
vised. 

Operation: (March 2, 1950.) The upper lobe was found to be adherent to the anterior 
chest wall over a rather extensive indurated area. It could be seen that a portion of the 
indurated area was definitely cystic. The upper lobe was removed. 




^ B. 

Fig. 5, A and i?.-^(Case t) Tlie lift hiiar shadows were due to mucoid impaction. TU 
peripheral sliadows proved to be pus-fliled broncIdeSaUc cysts. 



Postoperative Coarse: The postoperative course was marked by excessive bleeding from 
the parietal pleura wliioh necessitated returning the patient to the operating room for evacufl 
tion of a large clot in the pleural space. Following this he made a good postoperative re¬ 
covery. He was seen again in November, 1950. At this time he stated that he was beginning 
to have fever again and was not feeling well. A roenegenogram of the chest showed that there 
was pneumonitis in the right upper lobe, suggesting that the same process was again beginning 
in a segment of this lobe. 

Pathology: Evidence of disease was limited to tl.e posterior and apical segments. The 
lingula was normal. In the bronchi to these segments there was impaction of Hiick mucoid 
material so tliat the bronchi were dilated to more than tliree times normal caliber Beyond 
these dilated bronchi wore cystic areas completely lined ivitli epithelium Tliese cysts were 
filled with thick, creamy, mucopurulent material. On microscopic section, there were sonic 
areas of the lung near the region of the encapsulated cystic spaces where there were seen a 
great number of lipophages. 


Case 8.-J. R-, a 26 -year-old woman, had been an asthmatic since childhood Her i 
had been a chronic asthmatic, and several members of the mother’s family had been con 
asthmatics. At the age of 7 years she had c.xtonsivc skin testing done to determine a p, 



shavt: Mircoio rarACitos of cKO^ccm 




i?«;sr4- ffir« »«'■' «tr x:: ”-“1™; "» 

npriod of niontlis 01 observation. ^ ^ ^ 

th. . .. preset, 

it tvas deteimiBea to do an exploration of the left elle^.. 



A. C, 

Fig. 6, A an'i i?.—(Case S) Sharply circumscribed shadow in left upper lobe due to brou' 
chiectatic cysts beyond bronchi blocked by mucoid impactions. 




Operation: On June 26. 1950. the left chest was explored. There were fine avascular 
adhesions between the cvstie are-a in the left upper lobe and the neighboring left lower lobe 
and chest wall. There were more vascular adhwions holding the apex of the left upper lobe 
to the dome of the chest. The cvstie areas could be seen on the surface of the snbapical 
division of the left upper lobe, and a hard area could be palpated in which there was runcoid 
impaction which ran down into the hilum of the lung. The apical and snbapical segments of 
the left upper lobe were removed. 

PalhoTo.aic Peport: Specimen consisted of the upper two-thirds of the left upper lobe. 
In the bifurcation of the segmental bronchi of thi.* segment of lung were two mucoid pluffs. 
One plug measured 3.1 bv 1.3 cm.; the second plug 3.6 bv 2.3 by 1-2 cm. These plu^s 
caused the bronchi at the point of bifurcation to become greatly dilated and to have verr 
thin yellowish linings. Distal to the mucoid plugs rvas a nmltilocnlaT cavity which 
measured approximately iA by 3.5 by 2.3 cm. The mucoid plues had a greenish-grav-white 
appearance and were puttylike in consistency. The cut surface revealed a thicCtenaciou= 
ropy mucoid material. 

^ The patient’s convale.scence was uneventful, but she is still subject to attacks of 
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Two patients have not liad surgcrj'. The liistory, roentgenogram findings, and course 
of their pulmonary disease seem to clearly indicate that the}' have had mucoid impaction of 
the bronchi. 


Case 9.—J. II., aged 18 years, was hospitalized in September, 1913, because of pneu¬ 
monia in the right upper lobe. This cleared after a long convalescence, but left shadows in 
the right upper lung field. In September, 1946, she liatf an hemoptysis, and has had repeated 
hemoptyses since that time. There has been no recurrence of the cough and e.vpectoration 
or fever that marked the initial illness. This patient had been asthmatic almost all of tu 
life. Eight upper lobe lobectomy was advised because of the repeated hemoptyses, but ttih 
was not accepted by the patient. The patient did return to the office, however, at intenal- 
for check-up e.vaminations. Small hemoptyses persisted, but these never became alarmiiic- 
In view of the underlying history of asthma and the appearance of the roentgenograms, it wa. 
felt that a diagnosis of mucoid impaction of tlie bronchi was justified. Undoubtedly, there 
is a cystic bronchiectasis in the apical divisions of the right upper lobe. It may be nece..ari 
at a later date to do a resection because of the residual destr uction of the lung. 


Case 10.—Mrs. C. AY., aged 29 years, had a history of allergy for ten years 


with asthma 


and Iiay fever. As a child she had been considered an asthmatic. In July, 1945, she ha "-'a 
was diagnosed as virus pneumonia. She coughed for several weeks. Penicillin therapy 
used at that time both intramuscularly and by inlialation. In February, 194i, an 
attack became severe and prolonged, and was not relieved by adrenalin. A bronchoscopy 
done at that time. In November, 1947, she began to cough and has had a ratlier persis 
cough ever since that time. Sire changed her climate from that of the Panhandle 
Te.\as to Tucson, Arizona. Tliis did not improve her symptoms greatly, and during that 
an abscess developed in her lung. A review of the films brought by the patient slioue 
she had had, in the past five years, infection in the right upper lobe with abscess, left ou ^ 
lobe, and now left upper lobe (Pig. 7A, B, C, and D). Because of the widespread con i m 
and the fact that a bronchogram showed cylindrical bronchiectasis in !tll lobes, surgery", 
not advised. It was considered that we were dealing with mucoid impaction of the bton 
with bronchiectasis and abscess formation. 


DISCUSSIOA* 

This condition must be suspected Avhen pulmonary disease occurs in 
maties and indituduals having chronic obstructive bronchitis. The presence ot 
the mucoid impaction causes a febrile episode. The fever may be initially lug'* 
but responds Avell to chemotherapy' and then persists as a low-grade clail.V 
temperature elevation. The associated cough is not severe. It may he a dr.v 
cough or productive of small amounts of mucopurulent secretion. General 
lassitude and a slight localized pleuritic pain may^ be present. Hemoptyses oc¬ 
curred in three of ten patients in onr series. 

Adequate sputum studies should differentiate tliis condition from tuber¬ 
culosis. Differentiation from a putrid abscess may be more difficult. The 1ns- 
tory of asthma, the milder clinical course, tlie nonputrid sputum, and the po¬ 
sition of the abscess cavity within the lung usually will make this differentiation 
possible. The eosinophil count AA'as elev^ated slightly to twelve and fourteen 
in two of the patients in this report, but in the others the count Avas in the nor¬ 
mal range. It may be impossible to rale out new growth in the lung AAUthout 
doing a thoracotomy. The surgeon, in operatmg- upon such patients, must be 
on guard and must establish the true diagnosis before becoming committed to 
a too radical resection of pnlmonaiw tissue. 
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The diagnosis depends upon a caretnl history, laboratory studies, inter¬ 
pretation ot roentgen films, and an awareness that the condition docs exist in 
patients 'vrith an underlying asthmatic diathasis. Bronchoscopy is of little 
diagnostic aid because of the inaccessibility of the impaction. Occasionally, 
the diagnosis can be made with certainty wlien the patient gives a historv- of 
hawng coughed up a large, hard mucous plug. 
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NONSURGICAL JIANAGEJIEXT 

Wliere a definite diagnosis of mucoid impaction of the bronchus can be 
made, an attempt should Ire made to relieve the patient of this condition by non- 
surgical measures. These include the use of chemotherapeutic agents, expec¬ 
torant cough mixtures, and bi'onchodilators. Bronehoscop.v is usually not help¬ 
ful because of the inaecessability of the mucoid plugs. It has been suggested 
bj^ some radiologists that roentgenogram therapy’’ over a vide port in relathel; 
small dosage acts as an expectorant and will aid these patients to rid themsehes 
of the mucous plugs, thus imioroving bronchial drainage. We have had no ex¬ 
perience with this type of therapy. ACTH also may be of benefit to these pa¬ 
tients. 

IXDICATIONS FOR SURGERY 

Indicatiojis for surgery in this condition are (1) persistence of suppuration 
with destruction of pulmonary tissue beymnd impactions of mucus, (2) repeated 
hemopty^ses from the associated cy'stic bronchiectasis, (3) the necessity of udiih 
out neoplasm when diagnosis is not certain. 

This condition in its acute phase may apioear to be life threatening, and 
ymt can clear quickly’ leaving little demonstrable damage to pulmonary tissue. 
Due to the underlying asthmatic diathasis, these episodes may repeat in othei 
segments of the lungs so that resection of pulmonarv tissue must be limited to 
the actual lesion to preserve respiratory function. At the time of exploration 
the bronchial wall itself may’ have to be exposed to rule out neoplasm. 
mucoid impaction the tumor is entirely within the bronchus. The bronchial 
wall is reddish brown in appearance and is edematous and partially necrotic. 
In certain instances, it will be necessary to resect an entire lobe rather than a 
segmerrt so that the section through the bronchus can be made through normal 
tissue. 

In eerdain individuals having this condition, surgery’ either is contraindi¬ 
cated or should be advised only because of compelling'reasons. In a patient 
who has been followed over a period of years where multiple lesions have ap¬ 
peared and disappeared in segments of all lobes it would seem poor wisdom to 
attack a segmental atelectasis or suppuration beyond a plugged bronchus at 
any particular time. This patient has undoubtedly suffered'"grave damage to 
the pulmonary reserve and can ill afford to lose pulmonary tissue. 

PROGNOSIS 

The prognosis of this complication of asthma is the prognosis of tlie undcr- 
h’ing disease. One can satisfactorily’ eradicate by’ resection a destroy’ed segment 
or lobe thus eliminating the symptoms of the complication. This does not in¬ 
sure that the patient will not repeat this same process in the future In four of 
the ten patients that we have observed there have been recurrences of pneumo¬ 
nitis in other segments of the lung that were undoubtedly due to mucoid im¬ 
paction of the bronchi. 
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SUMMARY 

1. :Mvicoid impactioii o{ the bronclii is a complication of asthma or chrome 

olistnictive bronchitis. _ . . , 

2. The etiologj- and pathology of this clinical entity is discussco. 

3. The roentgen appearance of the shadows east hy this disease may .simu¬ 
late tiiberenlosis, abscess and neoplasm, 

4. Cystic bronchiectasis and fibroid pneumonitis arc residual sequelae to 

this bronchial obstruction caused by mucoid impaction. 

5. Surgery may be indicated to rule out neoplasm and/or to remove seg¬ 
ments of lung destroyed by suppuration beyond the impaction. 

6. Ten patients having this condition are reported. Eight had pulmonary 
resections. Two are being observed on nonsurgical management. 


DISCUSSION 


DR. LVMAX A. BREWER, HI, Lo? Angclc.>=.—The Association is inaebted to Dr. Shaw 
and Dr. Paulson for bringing this condition to our attention in sucli a striking fasliiou. M e 
liave been interested in this problem for some time. The most important etiologic factors arc: 
(I) an abnormal source of mucous secretion in tbe bronchial tree, and (21 conditions favoring 
retention of this mucus. Retained mucus may have an important effect on the spread and 
persistence of infection in other inflammatory conditions, particularly pulnjonarv' tuberculosis. 
It will be well for us to consider various inflammatory diseases from this point of view. 

I should like to comment briefly on only one phase of this problem, the persistence of 
mucous plugs in tbe bronchus as an important factor in producing pneumonitis and atelectasis 
in bronchiectasis. Here you have an abnormal source of mucus whicb, on occasion, is retained. 
In studying our resected pulmonary specimens, for bronchiectasis, we have found that lobar, 
«egmental, and subsegmental atelectasis may be secondary to mucous blockage of the bronchus. 
In most instances this finding is not of great clinical importance; however, a most difficult 
problem is presented in the patients of the older age group who do not present histories 
typical of bronchiectasis and who have findings of bronetiial obstruction that are impossible 
to differentiate from those of bronchiogenic carcinoma. The following case shows the diffi¬ 
culties that are encountered. 


(Slide.) The patient was a Co-year-old waitress, complaining of severe hemoptysis of 
two weeks’ duration. Roentgen examination of the chest revealed infiltration and pneumonitis 
with a possilde central rarefaction in the lower right lung field. These findings pointed to 
an acute pulmonary abscess, possibly on the basis of broncliiogenic carcinoma. There was 
a history, on further questioning, that she had had a slight cough, productive of rather 
small amounts of mucoid sputum for a number of years, but no previous severe pneumonia. 
There was no evidence, as in the eases of Dr, .Shaw and Dr. Paulson, of definite asthmatic 
bronchitis or bronchial asthma. She was put on intensive antibiotic therapy. 

(Slide.) Two weeks later tbe roentgenogram showed a slight clearing of the lesion in 
the right lung field. The lateral film depicts atelectasis of the middle lobe. Antibiotics were 
continued, and she was symptomatically improved. 


(Slide.) Bronchoscopy revealed no obstruction of the orifice of the right middle lobe 
Purulent exudate issued from the right middle and lower lobe orifices. The roentgenogram 
demonstrated an enlargement of the shadow occupying the right middle lobe, similar to the 
cases presented by the speaker. Exploratory thoracotomy was advised. However it was not 
until she brought up some foul sputum that consent to operation was obtained ’ 

(Sbde.) At exploration, the middle lobe was enlarged, boggy, and consolidated 
Following removal of this lobe, cut section demonstrated a mucous plug which occurred 

f ! of the two segments of the middle lobe, and thus could not be 

seen on bronchoscopy. On examination of the mucous pluw, we could not w tbo 
that the authors describe. It was degenerated mucus, with a good many fibrin strands a^d 
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bacteria were present which were apparently saprophitic. The chronic pneumonitis, suppura¬ 
tion, and lung abscess formation were present beyond the bronchial obstruction. In this 
case the bronchiectasis was the source of the sputum which became inspissated and ob¬ 
structed the segmental branches of the bronchi. Secondary pneumonitis and abscess formation 
resulted. In patients in the cancer age group, it is impossible to rule out bronchiogenic 
carcinoma and, contrary to tlie oases in 3 'ounger persons presented bj’ the authors, surgical 
exploration is very definitely indicated. 

DE. JEROME HEAD, Chicago.—This seems to me an original and excellent paper. 
I have never knowinglj^ encountered this entity, but I am sure this has been due to a 
failure in observation. The subject interests me greatly because I am greatly interested 
in the sequellae of segmental and subsegmental bronchi. I would like to bring up the 
question as to why this entity does not occur more often. We know that plugs of mucus can 
and frequently do plug main bronchi, in which case there is atelectasis of a lobe. If plugs 
of mucus obstruct main bronchi oeeasionallj’ it is reasonable to believe they obstruct segmental 
bronchi more frequently and finer bronchi very frequently. 

In spite of this it is quite obvious that we do not encounter segmental atelectasis or 
subsegmental atelectasis. This can be e.xplained only on the basis that there is a collateral 
air cirulation between lung segments and lung lobules. If it were not for this collateral 
circulation it seems certain that everj’ bronchitis, by plugging the finer bronchi, would become 
a suffocating bronchitis. Without this collateral circulation there would develop a spreading 
patch}’ atelectasis from obstruction of small bronchioles. Because no air would get in be¬ 
hind these plugs to blast them out, the patient would eventually suffocate from a progressive 
patchy atelectasis. This of course does not happen. If it were not for collateral circulation, 
lobular atelectasis would be infinitel}' more frequent than lobar atelectasis and would be as 
difiSeult to relieve. Lobar atelectasis of course is relieved onlj’ when one interferes actively 
to get rid of the plug of mucus. This active intervention is necessary because no air can get 
in behind the plug to blast it free. I believe, therefore, that we should not speak of segmental 
or lobular or patchy atelectasis. When the parenchyma distal to an obstructed segment or 
lobule becomes opaque it becomes opaque because of infection and not primarily because 
of airlessness. To go further, we must ask ourselves what happens to an obstructed segment 
or lobule when infection does not occur. I believe we will find in these lung areas the develop¬ 
ment of the opposite of an atelectasis, in other words an emphj’sema. This is based on the 
assumption that the air enters the segment through tlie collateral circulation more easily 
than it passes back through the same channels. In this case the effect of continued coughing 
is to extend and stretch the obstructed segment. That this does occur is suggested by the 
following observations: 

At the present time we have under observation a man in uliom a single segment of the 
upper lobe which has been obstructed bj' a calcified gland has dilated to occupy the upper 
half of the thorax crowding the rest of the upper lobe and the lower lobe into the lower 
thorax. In another case in which there appeared to be a bleb occupying the lower half of 
the thorax operation revealed a tremendouslj- emphysematous accessory lobe. This was con¬ 
nected to the lower lobe by a pedicle of lung tissue. There was no direct bronchial com¬ 
munication. In this case the air had passed info the accessory lobe through collateral alveolar 
channels. Apparently it was entrapped there and the result was a vesicular emphysema. 

If we bear in mind the possibility that obstruction of a segmental or subsegmental 
hronchus without infection causes emphj'sema rather than atelectasis I believe that we will 
be on the way to recognizing an important clinical entity. 

DE. EIGHAED H. OVEEHOLT, Brookline, Mass.—This is an extremely important 
subject, particularly from the point of view of differential diagnosis in carcinoma, inflamma¬ 
tory lesions, cj’sts, and bronchostenosis. Also, in some cases of severe asthma a mucous plug 
may act as a trigger mechanism to sot off broncliospasm. If such a condition can be found 
and eliminated by "excision further attacks of asthma may disappear. 

It was not quite clear to me, from what has been said, whether or not the mucous plug 
'n the reported cases was the primary or secondary factor. In instances of this kind that we 
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have observed there has been some condition which caused bronchial occlusion. The plug 
seemed to have resulted from concentration of mucus distal to the point of obstruction, there¬ 
fore making it a consequence of another factor. 

I should like to ask Dr. Shaw if they were not able to find in the pathologic specimens 
evidence of pressure from a gland, stenosis, or other organic change that might explain why 
the mucous plug developed. 


DD. DEAN’ B. COLE, Bichmond, A'a.—Dr. Shaw has presented the problem of mucoid 
impaction beautifully but, as he has indicated, it is not new. The treatment of this condition 
rarely, if ever, is surgicaL We have done lung mappings on many asthmatics in whom we have 
encountered bronchial spasm and mucoid impaction of bronchi. Me have been able to demon¬ 
strate a reversible bronchiectasis in one such instance. 

We have seen Loeffler's sv-ndrome a number of times, and occasionally this will move 
from one lobe to another until eventually all lobes have been involved. 


DB. SHAW (closingl.—I vvish to thank Dr. Brewer, Dr. Head, Dr. Ovcrholt, and Dr. 
Cole for their discussion. In answer to Dr. Overholt "s question I cannot be certain what is the 
actual underlying cause. I think the major cause is the thick tenacious tvpc of mucus 
that these particular individuals have. In other words, it is similar to the child with chronic 
pancreatitis associated with bronchiectasis. Why the first accumulation occurs I do not 
know. Probably some thick material gathers in one bronchus, and it is my feeling that the 
accumulation from one bronchus, causing pressure obstruction on the neighboring branch 
bronchus, causes the formation of these plugs which is rather typical of this condition. In 
none of our patients have we found any significant glandular obstruction, but of course vve are 
seeing them after suppuration has taken place, late in the process rather than when it began. 

I did not mean to suggest, as Dr. Cole pointed out, that this is anything new. 1 did 
search the literature for a period of ten years and could find no direct reference to this 
particular entity. There are many reports describing atelectasis in asthma and LoefSer's 
syndrome. So far as I can tell no one has actually described the pathology of Loefiler's 
syndrome. They merely described the patchy, evanescent shadows that appear in the roent¬ 
genograms of people having this condition. It is my main concern to differentiate mucoid 
impaction from other diseases which have an entirely different prognosis. I feel that in some 
of these cases we wiU be forced to operate in order to rule out a disease that has a more 
severe prognosis and requires another form of treatment. 

I also feel that in one of our cases, as Dr. Cole described, and as shown in the main 
body of the paper, we have had shadows of the same sort appear in every lobe of the lung, 
and the hronchogram demonstrates bronehieetasis in every lolje. This patient is not, however! 
in a good respiratory state as Dr. Cole suggests. .She does have definite dvspnea, and I think 
she has suffered irreparable damage to the pulmonary bed. I certainlr uould not'sugge=t that 
anyone should remove a segment of her lung at any particular time impaction should occur and 
a segmental atelectasis be found. 
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Rochester, Minn. 

T he experience of the Maj’^o Clinic in the management of cardiospasm has 
been the subject of several previous reports from this institution. In 1906, 
Henry S. Plummer^ recorded the first elei'en cases of cardiospasm treated by 
him at the clinic, and he described a technique of dilatation which with rela¬ 
tively little modification has been employed in the great majorit}^ of approxi¬ 
mately 1,800 patients ivith cardiospasm treated endoscopically at the clinic. 
In subsequent reports, Plummer^’ ^ reviewed his ever-increasing experience in 
tlie management of cardiospasm and his methods were either adopted or modified 
by otlier authorities interested in the treatment of this condition. In 1921, 
Plummer and Vinson'* reported 301 eases, and the accumulated experience has 
since been described, in subsequent articles, bj" Vinson® and by Moersch.®"® 
Various problems in the diagnosis and management of cardiospasm have been 
the subjects of communications by otlier members of the staff*’"” ; however, there 
has been no complete review of the accumulated experience in the management 
of the cases of cardiospasm at the clinic since the report of Moersch® in 1936. 

It is the principal purpose of this paper to describe and evaluate the results 
of treatment in 601 consecutive cases of cardiospasm in which dilatation ivas 
emplojmd in the twelve years between Jan. 1, 1935, and Jan. 1, 1947. In addi¬ 
tion, our experience with all cases of cardiospasm treated surgically at the clinic 
is reviewed. The etiologic and diagnostic aspects of cardiospasm will he 
reported in more detail in other communications. 

definition of cardiospasim 

Cardiospasm is a noiiorganie stenosis of the lowermost portion of tlie 
esophagus. The portion involved by this closure is at, and immediately above, 
the juncture of the esophagus and stomach and is seldom more than 4 to 6 cm. 
long. Sjmonj-ms for cardiospasm include achalasia, mega-esophagus, idiopatliie 
or diffuse dilatation of the esophagus and preventriculosis. All refer to obstruc¬ 
tion at the site of the physiologic sphincter at the eardia (Pig. 1). 

In order to evaluate the treatment of cardiospasm, it is most important 
that it be differentiated from other forms of esophageal spasm. The roent¬ 
genologic and clinical characteristics of diffuse spasm of the esophagus were 
described by Moersch and Camp*“ in 1934, and further elaborated upon by 
Schmidt” in 1939. This type of spastic constriction involves the smooth muscle 
portion of the esophageal musculature and may affect the lower third to two- 
thirds of the esophagus. The roeutgenographie appearance of diffuse spasm 
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015EN ET AU 


If. A 


Ynrie^ couMderahlv (Fk. ‘2^ Hence, diffuse spasm of the esoplmgus is oiten 
" ^ semnental spasm, non- 

iLlicd ihas iliSvw spami is an oatiy stage o£ caritosyasm. In om - 

diffxA=e spasm is a clear-cut clinical entity not to be contused tvith cardlo^^asm. 
even thonsh thev may coexist occasionally. At times there may be smne dimcult> 
in dmtinmtishiim these conditions, both clinically and roeutgenolomeally. Hotv- 
ever. the\^vo etuities may be readily differentiated by the passage oi an olive- 
tipped bougie 1,41 F.) over a previously swallowed thread. In cardiospasm the 
obstruction is localized to a short segment of esophagus at the cardia. In 
diffuse spasm obstruction begins in the midesophagvis and extends all the way 
to the stomach. The alteration in the roentgenoscopic appearance of the esopha- 



Fig. 1.—Cardlosparm. c, Alo-ierape ailatatioa; h. diCiis-; Oilatalicn; r. marteU iiU?.u>.tior„ ar.irula- 

tioa. an*l elongation. 


gns following dilatation of the cardia in cardiospasm should be mentioned. The 
activity of the esophageal museulatore often is increased and the roentseno- 
scopic appearance may closely simulate that of diffuse spasm. This fact must be 
taken into consideration by the roentgenologist in his evaluation of conditions 
after treatment (Fig. 3). 


Particular effort must be made to distinguish cardiospasm from other types 
oi esophageal spasm. Diffuse spasm of the esophagus does not respond to traat- 
ment in the same manner as cardiospasm, and the hydrostatic dilator should 
not he used in cases of nomphincterie spasm. Esophageal spasm which mav 
e associated with other lesions oi the esophagus or sastrointestinal tract sueh 
as ^mphageal diverticula, hiatal hernia, peptic nicer of the stomach or duodenum 
and disease oi the gallbladder also must be differentiated from cardiospasm. 
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TECHNIQUE OF DILATATION 

EiisseP” described the first pneumatic dilator in 1898. Actually, Plummer’s 
hydrostatic dilator was a modification of the Russel dilator adapted for water 
pressure and passed over a previously swallowed thread. The pneumatic prin¬ 
ciple was combined with Hurst’s mercury-weighted tube by Tucker^" and also 
by Browne and McHardy.^" Some authorities continue to use dilators which 
are introduced through the esophagoseope.*®’ 

The methods used at the clinic for dilating the cardia of patients with 
cardiospasm were described b}’’ Moerseh’ in 1933 and are essentially unchanged 
today. However, it is desirable to outline again the technique and procedure 
that we employ. 



Fig, 2.—Diffuse spasm of esophagus, a. Diffuse irregular spasm ; b, diffuse constant narrowing; 

c, pseudodiverticulosis. 


Dilatations are carried out over a previously swallowed twisted silk thread. 
At present we are suppljdng our patients with “EE” buttonhole silk. The 
patient starts to swallow his thread twenty-four hours prior to the first dilata¬ 
tion- he swallows the thread slowlj' at the approximate rate of one foot (30.5 
cm.) every hour and continues until fifteen feet (467 cm.) have been swallowed. 
He finds that eating food and swallowing liquids help him get the thread down, 
and he is permitted to eat all meals except the one prior to his treatment. Dur- 
ino- the night the thread hangs from the mouth, but it is usually advisable for 
him to place it between two teeth in order to avoid cheiving it through during 
sleep. Treatment is not begun until the thread is completely anchored. Oc- 
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casioMllv it is ..ecessaiy lo tvcight tte cd of the thread tvith lead shot Nearly 
an patients are successM in getting a thread m place if they pcKist m thet 
efforts, no matter hoAV marked the obstruction. 

Once the thread is fimly anchored, preliminary dilatations ^vith metal 
sounds are carried out. The patient sits in a low chair facing the physician A 
41 F. olive-tipped metal bougie is attached to the end of a flexible whalebone 
staff, and this is passed over the thread into the stomach (Fig. 4, u). - secon 
dilatation follows inmiediately, using a 50 or 60 F. Plummer sound guided o%er 
the thread bv a flexible we spiral (Fig. 4, b). Following the passage of these 
metal sounds, the patient rests for forty-eight to seventy-two hours. He is 



Fig. 3.—Effect of treatment on roentgenographic appearance of cardiospasm, a. Diffuse 
dilatation of esophagus before therapv; b, irregular and segmental spasm after hvdrostatic 
dilatation. 


usually relieved of the greater part of his dysphagia and gets considerable food 
through the cardia during this period. The preliminary dilatation -with sounds 
is important from a diagnostic standpoint, as the nature of the obstructing lesion 
can usually be determined by the “feel” of the sound as it passes through the 
cardia. Furthermore, subsequent hydrostatic dilatation is easier because eLpha- 
pal retention has been relieved. Esophagitis improves rapidly following the 
initial dilatation and, in our opinion, the preliminary passage of sounds reduces 
the risk of the hj’drostatic dilatation. 

men esophagoseopy is necessary for dilatation, the stenotic cardia must 
be located and a small flexible woven bougie, a stomach tube, or a smaU sound 
may be passed into the stomach. Then the esophagoscope itself may be passed 
into the stomach or a thread may be tied to the distal end of a bougie tube or 
sound, the esophagoscope ivithdrawn. and dilatations carried out over the thread. 




168 


THE JOURNAL OF THORACIC SURGERY 


The hydrostatic dilator has been described elsewhere/’ A flexible, whale¬ 
bone staff is passed through the rubber tube, and a 41 P. olive-tipped metal 
bougie is attached to the threaded end of the ivhalebone staff (Pig. 4, c). The 
dilator is connected to the water source and pressure gauge and is tested 
before eveiy treatment. This dilator is passed over the previouslj’ swallowed 
thread to insure the safety of the procedure, also to insure the proper placement 
of the bag in tlie cardia. The success of the procedure depends on exact place¬ 
ment of the bag before it is inflated. Just before passing the hydrostatic dilator, 
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a 41 F. olive is passed into tlie stoinaeh (Fig. 4. «). The e.xact distance from the 
point of the obstruction to the upper ineisor teeth is determined and is mai^ec 
ofi: on the tube of the liydrostatic dilator. Thus the physician knows .l«st hon 
far to pass the hvdrostatic bag. Once in place the bag is carefully inflated 
(Fisr. 4. d) to 22 to 24 feet (9.5 to 10.3 pounds per square inch) of water pres- 
sure'and the pressure maintained for several seconds. The patient usually will 
have considerable pain at the time of dilatation if the bag is properly placed. 
This pain subsides rapidly after the dilator is withdrawn. One evidence of a 
successful dilatation is the presence of a small amount of fresh blood on the 
distal end of the dilator. 

The beneficial effects of the dilatation are immediate, and the patient spends 
the next two or three days testing his ability to swallow. He is advised to eat 
meat, apples, popcorn, and any other foods wliieh may have given him pai-ticular 
diffienlty. If complete relief from dysphagia is not obtained, the patient again 
-swallows a thread, and a second hydrostatic dilatation is performed forty-eight 
or seventy-two houi>s after the fii-st. It is seldom necessary to perfonn more 
than two or three hydrostatic dilatations, and the entire treatment program is 
usually completed in a week or ten days. 


CASES STUDIED 


Tl'e selected the period from Jan. 1. 1935, through Dec. 31, 1946. for our 
reriew of results of treatment of cardiospasm by h.vdrostatic dilatation for 
several reasons. Patients seen prior to Jan. 1, 1932, were covered in a prerious 
report, and it was difficult to trace patients treated prior to 1935. T\'e terminated 
our study at the end of 1946, so that the minimal period of follow-up would be 
four yeai-s. Some of the patients, therefore, have been under observation for 
sLxteen years. Eesults based on a study of 601 patients, more than 75 per cent 
of whom have been successfully traced, should be statistically significant. 

2sot included in our series are sixty patients who were treated for eardio- 
spasnr during the twelve yeai-s, but who had also undergone dilatation at the 
clinic before 1935. Thus aU our patients were new patients in the sense that we 
had not treated them for cardiospasm before. Of the 601 patients, 205 had had 
some type of dilatation therapy before we saw them. 

For thirty-nine patients it was necessarj- to pass an esophagoscope to aid 
in the dilation. Forty-six patients were treated by passage of sounds ^vithout 
hydrostatic dilatations. The hydrostatic dilator was not used on some patients 
because of extreme youth, old age, or some associated serious disease. A few 
of these patients were so gratified by the temporarv- relief afforded by bouginage 
that they did not remain for hydrostatic dilatation. Four cluldr'en, fi yeai-s 
of age or less, had treatment by sounds only, and three obtained poor rekxlts. 
The fourth child has not been traced. Ten of the 46 patients pgr 
received satisfactory benefits from the passage of sounds alone. Vinson=»-=i and 
Carrt= stated that only 10 per cent of patients treated with bousies alone re 
eeived permanent relief. 


In the period under consideration we treated 555 new patients xvith the 
h.vdrostatic dilator. For 452 of these patients, adequate follolup TtudCs wera 



170 


'I'llK .tOlIKN'Ali Ol.' 'l'llt)l{At!l(! NlllidMUV 


.Miul (MU’ ('(Mit'liiN'KMi.s (’oii(‘('nnii|t: llu' iiimIIkuI oI' liydroHliiiic (HImImIImii 
(H’M lms('(l OH ti isliitly ol' IIk'mi' 'I5’d |)titi('HlM. 

HKSIII/I’M 01.' 'I'I(KA’I'!\IKN"|’ |1V IIVHIHWTA'I'H) IMHA’I’A'I’ION 

Wo liiivo ,sol- ivillit'i’ ox(i('liii)i' ((I’iloi'iii I’oi’ MiiliNriiotory lA'oiiliiioiit,, A fcooil 
n'.siill. I'l'oiti tiiliildlioii iiiiplioH Uiiil, tii,sliii(>‘ n'lior I'i'imh ily.'ipliiii'iii I'oIIowh ii ciMil'fio 
ol Il■('^lllnollt, 111 0111 ’ Hl.iuly, i'ohhU.h woi'o, ('ItiMMini'.il no MiiU.Mriioloi'y 01 ’ \iiiniilln* 
riioloi’y. A Milli,srii('l.oi’y I’omill, iiioiiiiM Hint. Ilio |iiili('iil, linn lind iio dyn|)lin|i;iii oi' 
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All Courses.—It is evident that patients Avho did not respond satisfactorily 
to the initial course of treatment iverc less likely to obtain good results following 
a second course {3S.3 per cent) or from any nnmber of additional courses of 
treatment (19.1 per cent). Hence, if hydrostatic dilatation does not produce 
lasting relief of dysphagia at the first or second course, the prospects for success 

from further dilatation are not bright. 

If the total number of satisfactory results in Table I arc added, we find 
that 313 (69.2 per cent) of our 452 traced patients obtained satisfactoiy and 
lastins results-, however, we did not have the opportunity of treating a second 
time all of the patients who had unsatisfactory results after the first course, 
nor did we treat all of those rvho failed to obtain satisfactory results from a 
second course. Had we been able to treat all of these patients and if the same 
percentage of satisfactory results noted in Table I liad been obtained, our 
total number of satisfactorj* results would have been 341 (75.4 per cent) for 
two courses of treatment, or 362 (80.1 per cent) for all courses. Hence, if 
given the opportunity, we could anticipate satisfactory results from hydrostatic 
dilatation in 80.1 per cent of cases. 

Nianhor of Dilatations .—Air analysis of the number of dilatations required 
in each case was made. lYhen only one or two hydrostatic dilatations were 
necessary at the initial visit, satisfactoiy results were obtained in 64 per cent 
of the cases. However, if three or more dilatations were required to relieve 
dysphagia, the results were satisfactory in only 38 per cent. Tlie experience 
was similar when patients returned for subsequent courses of treatment. This 
is further evidence to indicate that a favorable result can be anticipated from 
a prompt response to dilatation. If multiple treatments are required, the out¬ 
look is not as good. 

In a large nnmber of patients with cardiospasm there are many variable 
factors that must be considered in an evaluation of therapy. Tfe have made an 
attempt to correlate some of these factors with the success of treatment. 

Relation to Age .—Patients of all ages were treated, and, except for the 
veiy young, results were comparable iu all age groups. 

Fourteen patients treated by hydrostatic dilatation in this group were 15 
years of age or less. Ten of these children were 11 to 15 years of age. Seven 
of the eight children in this age group who were traced did well. Hesults thus 
were comparable to those for adults. However, for the four children who were 
less than 10 years of age, results were not good. Only one got a good or satis¬ 
factory result. Hesirlts of use of sounds in young children were mentioned 
previously. 

Relation to Duration of Symptoms .—The relationship of the duration of 
symptoms to the success of treatment is indicated in Table II. The ratio of 


T.«i.e II. C 0 Rp.r.L.vTiQx Betweex pur KTiox or Symptoms axd Success of Therapy 

OF 4o2 TE.VCEO P.\TIEXTS 


DUR.\'nON OF SYMPTOMS 
(years') 


0-1 

1-5 

6-10 

More than 10 


PATIEXTS 

TRACED 


7S 

212 

S3 

T9 


SATI^ACTO rFrESULTS 

I per cext 


PATIEXTS 


o3 

150 

5S 

53 


6S.0 

70.S 

69.9 

C5.S 
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satisfactory to unsatisfactory results is remarkably constant, regardless of the 
duration of the disease. 

Relation to Size and Shape of the Esophagus .—The relationsliip between 
the size of the esophagus and the result of treatment is shown in Table III. 
Results were somewhat less favorable in the slightly enlarged and markedly 
enlarged organs (Fig. 1, c) than in the moderate^ and diffusely enlarged 
organs (Pig. 1, a and b). It is interesting that the slightlj" and markedly 
dilated esophagi responded less well to surgical treatment. It should be pointed 
out that in some cases of cardiospasm in which marked enlargement of the 
esophagus w'as present dilatation was impossible, and such eases have not been 
included here. In the surgical group there were eight such cases. Had these 
eight patients been taken into consideration in Table III, our results in the 
cases of marked enlargement of esophagus doubtless would have been less 
satisfactory than those presented. Our pei’centage of satisfactory results would 
have been about 58 per cent. 


Tabi.e III. Correlation Between Size op Esophagus and Success of Treathent 

OF 4.52 Traced Patients 


DEGREE OF ENLARGE- | 

MENT OF ESOPHAGUS 1 

1 TRACED 1 

' PATIENTS 1 

SATISPACTORV RESULTS 

NUiMBER 1 per cent 

Slight 

55 

31 

5G.4 

Moderate 

200 

139 

69.5 

Diffuse 

127 

98 

77.2 

Marked ivith torsion 
and angulation 

70 

45 

G4.3 


A reduction in size of the esophagus may be anticipated in some cases after 
hydrostatic dilatation, although this diminution in size is uncommon in the 
markedl}' dilated esophagus. Actually, it is hard to predict with any certainty 
the likelihood of a decrease in size after treatment. 

Relation to Type and Severity of Symptoms. —Obviously, results of treat¬ 
ment by dilatation were most dramatic in those patients who had marked ob¬ 
struction and who regurgitated food most readily. 

The relationship of pain to cardiospasm will be considered in another 
communication. In sharp contrast to figui’es given by some authors, pain 
occurred in less than 30 per cent of our cases. When jiain was a prominent 
symptom of cardiospasm, we frequently obtained a less satisfaetorj^ result. Of 
132 patients who complained of pain, only 51.5 per cent obtained satisfactoiy 
results, as opposed to 69.2 per cent for the whole group. In a number of cases 
our treatment was effective in relieving the obstruction and regurgitation of 
cardiospasm, but the patient continued to have pain. 

Pain is a much commoner symptom in the si'ndrome of diffuse spasm of 
the esophagus than it is in cardiospasm. Although pain may be a feature of 
cardiospasm, an unusual amount of pain should make one wonder whether some 
other esophageal disease is associated. 

Relation to Associated Disease .—Certain associated disease processes liad 
an influence on the result of therapy. Patients who had associated pulsion 
diverticula of the upper or lower part of the esophagus were more difficult to 
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treat, and results Avere poor in this group. Patients who had hiatal hernia in 
association with cardiospasm were likewise less favorable candidates foi tieat- 
nient ^Ye have learned that hiatal hernias of the short esophagus type are 
particularly troublesome and that dilatation of eardiospasni in such cases niay 
be hazardous. The development of a short esophagus after rupture ot t le 
loAver part of the esophagus has been noted. Fig. u. h shows the coiidition 
after rupture of the lower part of the esophagus by the hydrostatic dilator. 
In retrospect there may have been a small hiatal hernia before dilatation (Fig. 

5, a). 




Fig, 5 ,—Development of short esophagms followingr rupture of lower part of esophagrus by hydro¬ 
static dilator, a. Cardiospasm before treatment; b, cardiospasm with small hiatal hernia. 


In forty of our 601 cases, diffuse spasm of the esophagus was associated 
Mutli cardiospasm. The diagnosis of the combined conditions can he suspected 
roentgenographicaUy and confirmed by the findings at dilatation. When both 
conditions are present, results of treatment are difficult to evaluate. The ob¬ 
struction of cardiospasm ivill often be relieved while the pain of diffuse spasm 
persists. The presence of associated diffuse spasm probably accounts for the 
less favorable results noted (Table Ill) in those patients with slight enlarge¬ 
ment of the esophagus. The same considerations apply to surgical results (as 
will he evident in Case 3). 

Painful Reaclions .—As previously stated, most patients experience pain 
in the suhxyphoid area during hydrostatic dilatation. This usually subsides 
rapidly after removal of the dilator. In tAventy-one of onr cases rather severe 
epigastric or substernal pain developed ser-eral hours after hydrostatic dilata¬ 
tion. This pain Avas often referred to the neck, ears, shoulders, or arms. None 
of these patients showed any objective evidence of esophageal perforation* nor 
were there any physical findings of significance. Some of them did have some 
fever, and several were kept in the hospital for observation. In none of these 
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eases were there anj^ serious consequences. In our opinion, these painful re¬ 
actions were the result of spasm of the esophagus secondary to the trauma of 
the procedure. Results of therapy in this group were comparable to those of 
the entire series. 

COIMPLICATIONS OF HYDROSTATIC DILATATION 

The forceful dilatation of the cardia to a diameter of 3 to 4 cm. by a set 
of silk and rubber bags distended with water carries a certain risk. It is in¬ 
evitable that a number of patients will experience undesirable sjunptoms or 
complications as the result of tlie treatment (Table IV). 


Table IV. Complications Following Hydrostatic Dilatation of 555 Cases 


TYPE OP COMPLICATION 

( CASES j 

1 mortality 

Esophageal “split” 

10 

2 (0.36 per cent) 

Aspiration pneumonitis 

c 

' 0 

Hematemesis 

7 , 

0 


Hemorrhage. —Only seven patients had significant bleeding after hydro¬ 
static dilatation. A small amount of blood on the hydrostatic dilator is expected 
after such dilatations, but serious bleeding is unusual. AVhen hematemesis or 
melena occurs after dilatation, some associated process should be looked for, 
such as gastric ulcer, hiatal hernia, or associated stricture. Two of our patients 
who bled are known to have had short esophagus, and one patient had a gastric 
ulcer. One of these patients subsequently underwent esophagogastrostomy else- 
ivherc with good results. 

Aspiration Pneumonitis. —Aspiration pneumonitis developed after liydro- 
static dilatation in six of our cases. All of these patients promptly recovered. 
It is our feeling that preliminary passage of sounds relieves esophageal retention 
and reduces the frequenej’^ of aspiration of esophageal content. 

Ru-pture of the Esophageal Wall Near the Cardia. —This complication oc¬ 
curred in ten cases after hydrostatic dilatation. In such cases severe epigastric 
and substernal pain develops a few liours after dilatation. At the onset the 
pain is hard to distinguish from that of a painful reaction. However, almost 
invariablj’- left pleuritic pain with both the physical signs and roentgenologic 
evidence of pleuritis appears. Effusion may develop and require thoracentesis. 

Of these ten patients, two died of mediastinitis, one in 1937, and the other 
in 1940. In one case (1943), left empyema developed which required surgical 
drainage. This patient recovered but subsequently had a short esophagus type 
of hiatal hernia vuth stricture at the esophagogastric junction (Fig. 5, a and h). 
In another case a left transthoracic incision was made after the rupture, and the 
lower part of the esophagus and upper part of tlie stomach were resected. Tliis 
patient did well, and is considered in the discussion of surgical management 
of cardiospasm. The remaining six patients made complete recovei'ies ivith 
consei’vative therapy. 

The management of esophageal rupture was reidewed by Seybold, Johnson, 
and Leary.-^ When mediastinitis follows dilatation of the cardia, drainage of 
tlie posterior mediastinum is the safest procedure. When prompt surgical 
drainage is combined with adequate antibiotic therapj^ the mortality from 
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Ilvdrostatic dilatation should he negligible. Our two fatalities occurred prior 
to the era of penicillin and other effective antibiotics and before radical surgica 
treatment Mas considered feasible. 


COMMENT OX TREATMENT BY HYDROSTATIC DILATATION 
It is often stated that successful management of cardiospasm by the method 
of dilatation requires that treatments be administered at frequent intervals 
over long or indefinite periods of time. In our experience, this has not been 
the case. 

The majority of patients ivlio have cardiospasm can be successfully treated 
bv Ilvdrostatic dilatation. Not only are the immediate results satisfactory, 
but these patients have been relieved for periods ranging from four to sixteen 
years bv one or tivo courses of treatment. It is also obvious that relief of 
dysphagia is usually accomplished by one or tivo hydrostatic dilatations. If 
permanent relief is not obtained during the first or second coui'se of treatment, 
further dilatations are less likely to produce a favorable and lasting result. 

Onr studies shovr that approximately 20 per cent of patients cannot he 
expected to obtain permanent benefit by hydrostatic dilatations. A good many 
of these patients are improved hut still have dysphagia; others have to return 
at intervals for repeated dilatations in order to control their symptoms. 
Although -we do not consider the results satisfactory in these patients, the 
periodic dilatations enable them to live comfortable lives. 

On the -whole, the results of treatment in the present series of patients are 
comparable to those reported by Jloersch.'- ® The experience of Nagel,-^ using 
methods similar to ours, is also comparable. In a group of fifty-seven patients, 
he obtained good results from dilatation in 73 per cent, Nagel also emphasized 
the point that a single forceful dilatation produces much better results than 
repeated “half-hearted attempts.” Freeman"^ also favored the -use of the 
hydrostatic dilator and apparently has had good results -with one dilatation. 

Successful dilatation therapy after the proper diagnosis of cardiospasm 
depends on two factors; (1) accurate placement of the dilator in the eardia, 
and (2) severe forceful flotation of the physiologic sphincter by an expanding 
dilator. Obviously, the passage of simple bougies or mercury-iveighted tubes 
does not often produce sufficient expansile force at the eardia to hare any last¬ 
ing effect. In most cases such procedures must he repeated frequently. In 
our opinion, the pre-siously s-wallowed thread permits accurate placement of 
the dilator and greatly adds to the safety of the procedure. In each case the 
^latation, however forceful, must he administered at the level of the constriction 
if favorable results are to he anticipated. 


In a recent communication, Sifers and Crile='= reported that only eleven of 
ninetv-tMo patients treated by means of dilatation obtained satisfactory results- 
sixteen of their patients were considered improved, fortv slightlv improved’ 
and eighteen unimproved. Their dilatations were performed ‘ivLth Hurst 
mercurj- bougies and the Bro-wne ilcHardy pneumatic dilators. "We must con- 
rtude that effective Natation was not obtained in most of their eases. Similarlv 
rntz, Llark, and Adams’- advocated surgical treatment because of the “temnn’ 
vary results usually obtained by mechanical dilatation from above ” Their 
temporary results do not conform to our experience 
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We realize that the method of hydrostatic dilatation emploj^ed by us is a 
drastic procedure. There is nothing "half hearted" about it, and the procedure 
carries risk. Ochsner, DeBakey, and DeCamp^® recently called attention to 
the 2.8 per cent mortality in the 804 cases reported by Moersch.'' As previously 
stated, this Avas reduced to 0.36 per cent in the twelve-year period under con¬ 
sideration, and in the past eleven years there have been no deaths. We must 
anticipate a 3 per cent incidence of complieations. However, with chemo¬ 
therapy and prompt surgical intervention, mortality in the future should 
be negligible. 

SURGICAL CONSIDERATIONS IN THE TREATMENT OF CARDIOSPASM 

We believe that operative treatment sliould be considered in all cases in 
Avhich liydrostatic dilatations or more conservative measures do not give satis¬ 
factory results. Prom this study it appears that about 20 per cent of patients 
Avill not respond to conservative methods of treatment such as dilatation. It is 
difhcult to anticipate Avliicli patients will fail to respond to conservative meas¬ 
ures, but in general those who have marked enlargement of the esophagus and 
retention are most likely not to respond. 

Several of the operative procedures such as A^agotomy, s.ympathectomy, 
and phrenicectomj' ai'e based on tlie neurologic concept of the etiology of cardio¬ 
spasm. These operative procedures have given some satisfactorj’- results but 
none have given uniform and consistenth'- good results. One of the earlier 
surgical procedures u’as that adAmeated by von Mikulicz^® of ti’ansgastric retro¬ 
grade dilatation. This procedure gave only temporary relief and is noAv rarely, 
if ever, utilized. 

The more common tj^pes of operatiA-e procedure utilized at present are 
directed to either short circuiting the obstruction or attacking the constricted 
area (Pig. 6). These procedures are as folloAA's: (1) esophagogastrostomy as 
advocated by HeyroA^sky^° is a side-to-side anastomosis betAA'-een the dilated 
portion of the esophagus and the fundus of the stomach; (2) cardioplasty as 
adA'oeated by WendeP^ consists of a longitudinal inci.sion in the loAA'er part of 
the esophagus and the cardiac end of the stomach through the region of obstruc¬ 
tion. This incision is closed in a transverse direction to enlarge the opening 
betAveen the loAA^er end of the esophagus and stomach; (3) a combination esopha¬ 
gogastrostomy and cardioplasty aa'rs adAmcated by GrondahP^ in Avhich an 
anastomosis is made betAveen the loAA'er part of the esophagus and cardiac end 
of the stomach after a U-shaped incision is made through the constricted region 
of the esophagus and cardia; (4) extramucous esophagocardiomyotomy as ad¬ 
vocated by Heller^^ consists of an incision doAvn to the mucous memln-ane in 
the longitudinal circulatory muscles in the region of the obstruction; (5) eardi- 
ectomy and resection of the loAver part of the esophagus and esophagogastric 
anastomosis may be used.^-*’ For the first four procedures the abdominal ap¬ 
proach usually is used, and, for the last procedure, the transthoracic approach. 

SURGICAL EXPERIENCE AT THE MAYO CLINIC 

TAventy-three patients have been treated surgically at the clinic for cardio¬ 
spasm, and most of the operative procedures just mentioned have been utilized. 
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One patient had two operations, raaldng twenty-four operative procedures by 
several different sur-eons (Fig. 6). IMany of these twenty-three cases ha%e been 
■epold in the literature. PlrurrnreF in 1906 reported a retrograde transgastrre 
Xatlou performed by ^Y. J. Mayo in 1905; Judd, Yrnson, and Greenlee- 
repoided tn-o cases in 1929; Craig, Moei-sch, and Yinsotf- reported one case in 
1934- Grav and Skinner- reported seven eases in 1940, including the prernously 
reported cases in which operation had been performed at the clrmc up to that 
time. Clagett, l>Ioei-sclr, and FischeF=» reported four cases rn 194o. 



The chief indication for surgical intervention in most of our twenty-three 
eases was an unsatisfaetory result from dilatation or other conservative methods 
of treatment. In many of our eases, dilatation and thickening of the walls as 
wen as elongation of the esophagus were present. These marked secondary 
changes are rrsuaUy associated rvith the more severe tjTpes of cardiospasm. We 
believe that the results of sru-gical treatment are more likely to be unsatisfactory 
when these marked secondary changes are present. This, however, is only one 
of the factors associated with unsatisfaetory results from operative treatment 
There is increasing evidence to indicate that the type of operative procedure 
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is important in the long-term results. Most procedures permit regurgitation 
of gastric secretions which cause inflammatorj^ changes in the lower part of tlie 
esophagus. 

The operathm procedures utilized for our twenty-three patients are shown 
in Fig. 6. Four patients were treated b 3 '^ transgastric retrograde dilatation, 
one hy sympathectomy’' and one by both retrograde dilatation and sympathec¬ 
tomy. Of these six patients, five had poor results and one patient who had 
retrograde dilatation alone obtained a good result. The only operative death 
in the twenty-three cases followed transgastric retrograde dilatation. The 
patient died of pneumonia five weeks following the dilatation. These procedures 
have not been done in recent years. 

In four of the twenty-three cases esophagogastrostomy of the Heyrovsky 
type was used. Eesults were poor in two eases and good in two. All four of 
these patients had marked dilatation of the esophagus before operation, and 
three had retention of food. Symptoms had been present for two to twenty-five 
jmars before operation. One patient Avas 26 jmars of age, and three Avere more 
than 60 jmars of age. Of the tAvo patients who obtained poor results, one, aged 
69 jmars, had had symptoms for tAA'enty-five jmars and had been treated bj" 
tAvelve dilatations. This patient died four years after operation from hemor-. 
rliage resulting from esophagitis and ulceration. The other Avas 26 years of 
age and had had symptoms for tAvo jmars. Operation relieved the s 3 Tnptoms for 
one year, and then sj^ptoms of obstruction and esophagitis recurred. 

In five cases, esophagogastrostomy of the Grondahl type Avas employed. 
Eesults Avere poor in three cases, fair in one, and good in one case. The ages 
of these patients Avere from 20 to 57 years, and symptoms had been present 
for nine to tAventy-four jmars. All five had enlargement of the esophagus, and 
three had angulation AAdth retention. One patient Avho had a poor result AA^as 
31 years of age, and had had sj^mptoms for nine years (Case 1). Another AA’as 
relieved for three jmars, and then symptoms recurred. Six and one-half years 
after the first operation a second operation, transtlioracic cardiectom}^, Avas pei'- 
formed. Since the second operation four months ago, sj'^mptoms have been 
relieved. The third patient Avho obtained a poor result from this operation 
had a markedly enlarged and elongated esophagus Avith marked retention of 
food (Case 2). 

In four of the tAventy-three operative cases, cardioplasty of the Wendel 
type Avas carried out. Eesults Avei’e good in one case, fair in tAvo, and poor in 
one. Of the last three patients, one had symptoms of esophagitis on examination 
six 3’^ears after operation, one Avas haAung attacks of dysphagia six j^ears folloAV- 
ing operation, and the third obtained no relief from the operation. 

In tAVO of the tAventy-three cases, transthoracic resection of the loAver part 
of the esophagus and cardia Avith esophagogastric anastomosis Avas carried out. 
In one case the operation Avas done four daj's after rupture of the esophagus 
folioAving an esophagoscopie examination. Five and one-half j^ears have hoaa^ 
elapsed since the operation, and results are good. In the other case the operation 
AAms carried out six years after esophagogastrostomy of the Grondahl type Avhieh 


»T'hi= rncp reoorted by Craig-. Moersch. and Vinson^ as a case of cardiospasm has been 
reclassTfled and is now considered a case of diffuse spasm of the esophagus. 
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did not relieve symptoms. As only fonr months have elapsed 

operation it is too soon to evaluate the result, hut thus iar the patient has had 

a good result. „ 

In the remaining three of the complete group of tiventy-three cases, 

esophagocardiomyotomy of the Heller ti-pe ivas used. Eesults ivere considered 
crood in one case (Case 3). In the other two the operation was performed within 
the last eight months, and it is too soon to determine anything hut the immediate 
result. Tills, however, has been good in both cases. A transthoracic approach 
was used in two cases, and an abdominal approach in one ease. 


CASE REPORTS 

Four cases in which one of us (Harrington) performed the operations are 
reported. 

Case 1.—A man, aged 31 years, was first admitted to the clinic Jan. 25, 1942. For 
nine years symptoms of dysphagia, with suhstemal pain, regurgitation, and vomiting, as 
well as retention of food in the esophagus had become progressively more severe. He lost 
15 pounds (6.S hg.). Dilatation of the esophagus elsewhere had given some temporary relief. 

Boentgenographic examination of the esophagus showed cardiospasm with obstruction 
at the cardia, marked enlargement and tortuosity of the esophagus, and retention of large 
amounts of food. 

Hydrostatic dilatation was done in February, 1942, without relief of symptoms. 

On February 21 esophagogastrostomy with cardiotomy (Grondahl type) was performed. 
The patient had no difficulty in swaUorring food after operation, but had a burning in the lower 
part of the esophagus which was relieved by alkalies. He continued to have burning pain 
low in the esophagus and some, but not severe, attacks of dysphagia. Esophagoscopie exami¬ 
nation six months after operation showed esopbagogastritis with ulceration low in tlie esopha¬ 
gus. The patient has returned several times since and has had two courses of dilatations 
without any improvement of symptoms. 

Nine years after operation the patient wrote that his general health was good, he was 
working every day, hut had more or less constant burning in the esophagus after meals which 
was relieved by alkalies. He also was having periodic attacks of dysphagia and vomiting. 
He said, am grateful for the operation as I get along a thousand times better than before 
the operation.” 


"We, however, consider the result in this case poor. The improvement in 
subjective sjuaptoms was due to the release of the obstruction by the operation 
but this tirpe of operative procedure employed has permitted the gastric secre¬ 
tions to flow into the esopha-gus. The ensuing esophagitis is the chief cause of 
his present symptoms. However, some patients have obtained relief of sjTnptoms 
from this type of operative procedure. It is possible, therefore, that' surgical 
treatment might have been more effective if it had been done before the second¬ 
ary changes due to dilatation and retention of food had developed in the 
esophagus. 


Case 2.—A woman, aged 45 years, was first admitted to the clinic Oct. 5 1939 because 
of attacks of dysphagia, regurgitation, and vomiting of food. The number i^d ceUritv of 
these attacks had been increasing, and at this time she was vomiting large quantities of food 
Hi sixx# 


The roentgenogram siiowed marked dilatation and obstruction at the caidia and cardio 
ZT" i esophagoscopie examination could not be done until two 

and one-half bters of food and secretions were removed from the markedlv dilated a 1 
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stomach tube) through the obstruction at the cardia and the esophagus was dilated over the 
thread with a 60 F. sound. Repeated attempts to pass tlie esopliagoscope over tlie thread 
through the cardia into the stomach were unsuccessful. Because it was impossible to treat 
the obstruction at the cardia by dilatation metliods, surgical treatment was advised and 
refused at that time. 

The patient returned Sept. 3, 1948^ and stated that unsuccessful attempts had been 
made in her home locality to dilate the esophagus both from above and below. In 1940 
gastrostomy liad been done for feeding and when the opening was closed symptoms recurred. 
They had become progressively more severe and she had lost aO pounds (22.7 kg.). Eoent- 
gcnographic and esophagoscopie examinations showed a markedly enlarged tortuous esophagus 
with obstruction at the cardia. Four liters of foul material were aspirated from the esopha¬ 
gus. Oct. 18, 1948, esophagogastrostomy (Grondahl type) with cardiotomy was done through 
an abdominal incision (Fig. 6). 



Pig. 7 (Case 2).— a. On admission cardiospasm with extreme dilatation and elongation 
of esophagus. Marked retention of food and secretions. Esophagus occupies most of right 
half of the thorax, h. Three months after abdominal esophagogastrostomy with cardiotomy 
(Grondahl). Dilatation of esophagus is less marked. 

After the operation the dysphagia and retention of material in the esophagus lessened 
(Fig. 7, h), but daily aspiration of the esophagus was continued. Improvement, however, was 
only temporary for retention of large quantities of food, pain below the sternum and to the 
right shoulder developed and severe hemorrhages occurred. Resection of the lower part of 
the esophagus and cardia of the stomach and vagus nerves was performed elsewhere in 
November, 1949 . 2 r A few weeks after this operation, she had massive hematemesis. In 
December, 1949, the antrum of the stomach was resected elsewliere. Convalescence was com¬ 
plicated and she died five months later.ar 

This case shotvs the serious complications that can arise from cardiospasm 
as well as the difficulty that may follow treatment after these complications 
have developed. We believe that when elongation and retention of secretions 
are present the danger of esophagitis complicating any type of operation which 
permits gastric juice to enter the esophagus is greater than in cases in which 
these changes have not occurred. The surgical problem in these cases is not 
only the removal of the obstruction, but also correction of the elongation of the 
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esopha-us ^vMch acts as a vescvvoiv for food and seevctious. These patients may 
be best treated snrgieally by resection of the elongated portion of the esophagus 
ndth esophasosastrie anastomosis. Howevci-, it 'ivould be better to institute 
surgical treatnieiit early in the course of the disease and thus avoid the necessity 
for these more extensive operative procedures. 

C.\SE 3.—A \Yoman, aged 30 years, came to the cliiiie .Tan. 2(i, 1949. She liad had 
intermittent and progressively increasing difficulty in srvallorving since childhood. During le 
past year she had had attachs of severe dysphagia, vomiting, and spasm of the lower part of 
the esophagus as well as pain between her shoulder blades. 

Esopliagoscopio and roentgenograpbic examinations at the clinic showed inarhed dilata¬ 
tion of the upper third of the esophagus with a fluid level due to poucliing of the wall of the 
esophagus but no opening suggestive of a diverticulum, and moderate dilatation of tlio lower 
two-tliirds of the esophagus with narrowing of the cardia and some associated diiTiise spasm. 
Hydrostatic dilatations were carried out from Fell. 9 to 17, 1949, without relief of symptoms. 

The patient returned to the clinic in April, 1949, because her symptoms w*ere more 
marked than before dilatation. Surgical treatment was advised. She ivas told that wo could 
not promise complete relief of all of her symptoms inasmuch as they were due to difi'use 
spasm of the entire lower part of the esophagus as well as to cardiospasm. H e thought 
relief of the obstruction at the cardia might lessen her symptoms. 

On May 4, 1949, an extramucous esophagocardiomyotomy (Zaaijer modification of the 
Heller operation) was carried out witli a left transthoracic approach. 

Tlie immediate result was entirely satisfactory in that dysphagia was relieved. Boent- 
genographic studies at the time of her dismissal revealed some, spasm of the lower part of the 
esophagus. IThen she returned for further examination one year later, she h.ad been com¬ 
pletely relieved of the obstructive svnnptoms and was able to cat all types of food without 
difficulty. However she occasionally had attacks of mild spasm associated with some pain 
between her shoulder blades when emotionally upset or under stress. Two years after the 
operation (February, 1951) she wrote that her condition was essentially the same except for 
some gradual improvement. 


Symptoms in this ease tvere due to eavdiospasm and diffuse spasm of the 
lower part of the esophagus. Extramucous esophagocardiomyotomy relieved the 
obstructive symptoms due to the cardiospasm but, as expected, some of the symp¬ 
toms due to the spasm of the loiver part of the esophagus liave continued. This 
ease exemplifies the importatiee of determining clinically whether the condition 
is cardiospasm or i£ there is also an associated spasm of the lower part of the 
esophagus as the operative treatment for cardiospasm will not correct the diffuse 
spasm of the lower part of tlie esophagus. 


C.vsE 4.—A man, aged 23 years, first came to the clinic Hot. 9, 1945, because of 
regurgitation of food and coughing and choking at night. For approximately two years he 
had had episodes of obstruction on swallowing food associated with pain at tlie lower end of 
the sternum. These attacks had become more frequent and severe. 

Roentgenograms of tlie esophagus and stomach reve.aled cardiospasm witli moderate 
ddatation of the esophagus. One dilatation completely relieved him for two months Then 
Ins previous symptoms gradually reappeared and became more severe. 


He returned to the clinic in April, 1947. The roentgenographic appearance of the 
esophagus was essentially the same as at the previous visit. Jlvdrostatic dilatations of the 
esophagus on April 14, 1947, relieved his symptoms for nearly a year 

He returned again Feb. 22, 1951. The roentgenogram taken at tins tin.o .i 
slight dilatation of U.e esophagus (Fig. S. n). Esophagosco^pic exarniimil Wed nm^ 
degree of esophagitis in the lower half of the esophagus but no ulceration n 
of Ills examination, operative treatment was-advised because lie liad recei-ed onl" 
relief from the two previous dilatations, the second of which was a thorougll' hydrSl 
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procedure, and it was thought that further dilatations would not give more than temporary 
relief. Accordingly, on March 2, 1951, a Zaaijer modification of the Heller e.xtramucous 
esophagocardiomyotomy was done with a left transthoracic approach. 

The immediate result was satisfactory. Symptoms were relieved and the roentgenogram 
(Fig. 8, S) before dismissal revealed a normal esophagus with no obstruction at the cardia. 



Pig. 8 (Case 4).—a, On third admission after two previous dilatations cardiospasm with 
some dilatation of esopliagus; b, tliree w'eeks after extramucous esophagocardiomyotomy; no 
obstruction at cardia and esophagus is normal. 

In this case surgical treatment was instituted earlj'^ before the secondary 
changes and retention had occurred. We believe this is the best course to follotv 
in treatment of cardiospasm which does not respond to dilatation. We are 
hopeful that the extramucous esophagocardiomyotomy wiU give complete relief. 
We hope, too, that it will prevent the esophagitis which so frequently folloivs 
a direct anastomosis between the esophagus and stomach w'hen there is no 
sphineteric control to jn'event the regurgitation of gastric secretions into the 
esophagus. 

TECHNIQUE OF EXTRAMUCOUS ESOPHAGOCARDIOMYOTOMY EMPLOYED 

The extramucous esophagocardiomyotomy of the Heller type employed 
in our cases is the modified procedure of Zaaijer,^" which is advocated by 
MaingoH^ and others.'*-'^® This technique and the transpleural approach used 
in the two last cases reported in this series will be described (Fig. 9). 

A left posterolateral incision is made over the eighth rib on the left and 
the posterior tivo-thirds of the rib is resected. The pleural cavity is entered 
through the posterior periosteum of the eighth rib. The suspensory ligament 
of the lower lobe of the left lung is incised and the lung is retracted. The 
mediastinal pleura over the esophageal ring and the loiver part of the esophagus 
is incised and the esophagus is elevated into the pleural cavity. The attach- 
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ments of the diaphragmatico-esophageal memhi’ane at the esophageal ring are 
separated from the lower part of the esophagus and cardia by blunt dissection. 
The esophageal ring is incised and the cardiac end of the stomach is bi'ouglit 
into the pleural ca^dtj*. The entire constricted area of the lower part of the 
esophagus and cardia of the stomach are exposed and straightened out by 
traction. The vagus nerve is retracted to the inner side. An incision is made 
upward through the anterior surface of the longitudinal and circular muscles 
of the constricted portion of the esophagus well into the dilated portion of the 
esophagus and downward through the circular muscle of the cardia and muscle 
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walls of the stomach to the mucous membrane. The circular layers of muscle 
of the esophagus and eardia are usually very thin and often somewhat adherent 
to the underlying mucous membrane at the eardia. Tliis circular layer must 
be separated with great care to avoid perforation of the mucosa. The blood 
vessels are larger and more numerous in the eardia and stomach than in the 
esophagus. Many of these vessels require a transfixing suture. The length of 
the incision depends on the amount of narrowing and constriction of eardia 
and lower part of the esophagus but is at least 10 cm. The mucous membrane 
is permitted to protrude throughout the entire extent of the longitudinal incision 
through the constricted area of esophagus and eardia. The cardiac end of the 
stomach is replaced into the abdomen. The incision in the esophageal ring is 
sutured with interrupted silk and the incision in the mediastinal pleura over the 
lower part of the esophagus is closed rvitli interrupted catgut. The chest wall 
is closed and the pleural cavity is drained with an air-tight catheter and con¬ 
trolled suction for two to three da.vs. 

COJIMENT ON SURGrCAL RESULTS 

From a review of our twenty-three surgical cases it is impossible to draw 
any definite conclusions concerning the best operative procedure. Twenty-three 
cases is a relatively small group and eiglit differejit operati^’e procedures were 
utilized. The different procedures were used in from one to five cases each. 
These numbers are not only too small but the cases are not sufficiently uniform 
to compare the results of the different operations. However, certain deductions 
are justifiable; (1) The best results were obtained in those cases in which there 
were onl}^ modei'ate secondaiy changes of dilatation and thickening of the wall 
of the esophagus. (2) The poorest results were obtained when there was marked 
dilatation espeeiallj" when it was associated with retention and elongation of the 
esophagus regardless of the type of operative procedure. 

Comparison of the results revealed that transgastric retrograde dilatation 
or sympathectomy or both, almost alwaj^s gave unsatisfactoiy results (poor in 
five cases and good in one). These procedures have not been utilized in recent 
years. The other five types of operative procedures utilized in the remaining 
eighteen cases represent the operations for cardiospasm most frequently used 
at this time. The resr^lts obtained from these five different operations in this 
sei’ies of eighteen patients were varied but essentially the same with each t 3 ’’pe 
of operation with the probable exception of the esophagocardiomjmtomjL Some 
of the patients who have undergone esophagocardiomjmtomj^ have not been oper¬ 
ated on a sufficient length of time to permit a final evaluation of the results. 

Al l of these operative procedures are directed toward relieving the ob¬ 
struction. The immediate and early result in practical^ all cases regardless 
of type of operative procedure was satisfactory and the patient was greatly 
relieved because of the removal of the obstruction. In 6 of these cases, however, 
the long term result was unsatisfactory because of esophagitis from the free 
regurgitation of gastric secretions into the esophagus. In the three cases in 
which the result has been classified as fair, the esophagitis rvas of a lesser degree. 
The effect of gastric secretions in the esophagus has been discussed repeatedly. 
Maingot,-” Barrett and Franklin,-*^ and others=L-!o have called attention to the 
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fact that the late unfavorable results after operations for cardiospasm are due 
to the development of peptic ulceration in the esophagus. Late fatal hemor¬ 
rhages occurred in two patients, four years and one and one-half years attei 

operation. . , i i + 

The development of dysphagia in the other patients who had recurrcn 

trouble is presumably the result of inflammatory and cicatricial changes pro¬ 
duced by the regurgitation of gastric secretions. The mechanism is not unlike 
that described by Allison,"' Olsen and Harrington"® and others, in which in¬ 
competence of the cardiac sphincter leads to peptic esophagitis, short esophagus 
and esophageal stricture. 

The ideal surgical operation is one in which the cardiac sphincteric control 
of gastric secretions will be maintained and the ob.struction of the esophagus 
relkved. Our experience at this time with the csophagocardiomyotomy (Heller 
type of procedure) is not sufficient in number of cases or length of time since 
the operations to permit any final conclusion. Tlie results so far, however, have 
been encouraging. lYe are hopeful that this procedure will accomplish the 
objective of operative treatment for cardiospasm which is the relief of the 
obstruction without superimposing a complication such as esophagitis that may 
be as serious as or more dangerous than the original condition. 


COMMENT AND CONCLUSIONS 

The cause of cardiospasm is not knomi and hence a truly rational approach 
to the treatment of this disease has not been evolved. "Whether there is actual 
spasm at the physiologic sphincter of the lower part of the esophagus or whether 
the eardia merely fails to open, is debatable. ^Yhatever the etiology of this 
disease may be, the present methods of treatment are directed toward the relief 
of obstniction at the eardia. 

Our study and experience with 601 eases have led us to fonnulate certain 
opinions and conclusions. These are as follows: 


1. Exact diagnosis is important. Cardiospasm must be differentiated from 
diffuse spasm of the esophagus. Diffuse spasm does not respond favorably to 
either hydrostatic dilatation or surgical treatment. 

2. Hydrostatic dilatation at present is the treatment of choice for most 
patients with cardiospasm. Relief of dysphagia for periods of four to sixteen 


years was obtained from a single course of dilatation in 60.1 per cent of 
our 452 traced eases. If are given the opportunity of treating those 
patients a second time for whom an initial course of treatment by hydrostatic 
dilatation did not permanently relieve dysphagia, the percentage of satisfactory 
results can be increased to 75 per cent. However, if satisfactory results are 
not obtained with two courses of hydrostatic dilatation, additional treatment is 
likely to be of little avail. We must anticipate that about 20 per cent of the 
patients cannot be permanently relieved by dilatation. 

3. Successful dilatation in the ease of properlv diagnosed cardiosnasm 
depends on (a) accurate placement of the dilator in the eardia and dA 
WM ,;,e ,p„i„o,er V „„ ( 

piCMonsly swallowed thread permits accurate placement of thp rUi + i 
adds to the safety of the procedure. of the dilator and 
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4. Surgical treatment should be considered for those patients who fail to 
respond to two or three courses of dilatation therapy. Everj'^ effort should be 
made to carry out surgical treatment before marked changes in the esophageal 
wall have taken place. Less favorable results can be expected when surgical 
therapy of the advanced cases is undei'taken. 

5. Surgical correction of cardiospasm may destroy the sphincteric propertj^ 
of the cardia. The regurgitation of gastric secretions may result in peptic 
esophagitis and account for poor surgical results. 

6. The Heller operation appears to be the most advantageous surgical 
procedure. This procedure permits the cardia to retain some of its sphincteric 
property. 

7. If the Heller operation is not feasible and one of the operations is per¬ 
formed which destroys the sphincteric action of the cardia, then an effort must 
be made to reduce the aeid-production of the stomach. 

8. The results of the surgical management of cardiospasm at the clinic 
have not been A^ery favorable for two reasons; Most of our patients selected for 
surgical treatment had far advanced cardiospasm for Avhich dilatation therapy 
Avas impossible or had failed to giA'e relief. Most of the operative procedures 
carried out permitted reflux of gastric secretions into the esophagus. The 
passage of time has given us an opportunity to determine the late results in 
most of our cases. Peptic esophagitis and ulceration Avere responsible for most 
of the poor results. 

9. Treatment of cardiospasm, either by hj'drostatic dilatation or by surgical 
means, can be carried out Avith little risk. 
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VAEIATIONS IN THE BEONCHOVASCULAE PATTEENS OP THE 
BIGHT LOWEB LOBE OP FIFTY LUNGS 

EoaVald M. Perry, Jr., M.H., and Edward A. Boyden, Ph.D. 

Minneapolis, Minn. 

TN A previous article by Smith and Boyden (1949) the principal variations in 
1 the distribution and ai'rangement of the segmental bronchi were established, 
first by injections and then by dissection of injected specimens. At that time, 
even if the technique had permitted, it would not have been feasible to analyze 
the vascular patterns owing to their complexity and the necessity of first 
mastering the bronchial variations. Nevertheless, it was recognized that a 
knowledge of the arrangement of arteries and veins is as essential to segmental 
resection or lobectomy as familiarity with bronchial patterns. Indeed, the 
present studj'' has shown that such malai’rangements as the splitting of the 
medial basal bi-onehus by the basal branches of the inferior pulmonary vein 
may prevent the resection of that segment even though the bronchogram might 
not suggest the danger of resection to the uninitiated observer. 

To obtain the necessary information, fifty right loiver lobes ivere removed 
from cadavers and dissected completely. Accurate drawings were made of 
the paravertebral view" of the medial basal segment of the dissected an¬ 
terior surface of the lobe, of the lateral view"—for optimum exposure of the 
arteries—and of the opened bronchial tree. 

Obviously, it was necessary again to identify the bronchial variations. 
New information has been gained because dissection of soft cadaver material 
is more aecui-ate than dissection of specimens filled with gelatin, and in ad¬ 
dition percentages could be calculated on the basis of 100 specimens, those of 
Smith and Boyden’s being added to our ow"n. 


THE general TONOUS PATTERN 


Since the veins lie betw"een adjacent bronchi and offer cleavage planes 
by w"hich segments and subsegments can be separated from one another, it is 
advantageous to start w"ith the venous pattern. With minor exceptions the 
veins of the right lower lobe drain into the inferior pulmonary A"ein. As show"n 
in Plate 1—a diagram of the dissected anterior surface of a truncated right 
low"er lobe—the inferior pulmonary has tw"o principal tributaries, a superior 
vein (Y^) draining the superior segment, and a common basal vein draining the 
basal segments.® The latter is formed by the union of a superior basal vein, 
draining primarily segments and and an inferior basal vein draining 
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•These correspond to the truncus dorsalte and puncus ventralis of Adachi (1933), and 
tn thp ramus superior and ramus inferior of Herrmieiser and Ivubat (1936). Our terms are 
desired To emphasise the relation of these veins to the superior and the basal .segments. 
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•1 -R ‘0 fnv <;po-ments This pattern occtii-s in 78 per cent 

foU in ,l,e remaining 22 per ecu, nnll 

be discussed at the end of this section (Taiile III). 

Tlie varying composition of the basal veins is shown in Table I. 

Table 1. Pattebn' or Basal Yeixs 


pebcentage 


1. UncompUcafed tj'pes 

rio 

3291 

3S'/r 

r* 

ys+io 

691 

C27c 

2. ''Split-' types 

Ts^io 


T'Jf, 5», 3 0 

Fjo 

1491 


rs 

i;"s, 9, to 

49'p 



In the nneomplieated types all of I*, or T® or I '® is found to be a tributai.' 
of either the superior or the inferior basal vein. The most common pattern 
(32 per cent) is that shomi in Plate 1. In the “split'' type, part of either I 
or I'® or Y‘° joins both the superior and inferior basal veins. Here, the eoni- 
inonest arrangement (44 per cent) and. therefore, the jirevailing pattern for the 
lobe, is that in ■which there are two P®s, one joining the superior basal, tlie other 
the inferior basal vein. Hnfortunately, none of the split types are shomi in the 
illustrations, but the tabular presentation indicates the futility of giving descrip¬ 
tive names to the larger tributaries (cf. Jlelnikoff, 1922, and Herrnheiser and 
Kiibat. 1936). 

At this point, it is desirable to point out that the main trunhs of tlie basal 
veins lie deep to the anterior surface of the lobe and that the key to their dis¬ 
section are the intersegnieiital branches of B’h (Fig. A, Plate 2). These super¬ 
ficial veins separate the medial basal (B') from the anterior basal segment (B^). 
If one dissects obliquely niedialward along the plane of these veins to F’ and 
the medial basal segment can be lifted niedialward thus exposing the deeper 
veins and bronchi. If one were to apply to the median basal the principles of 
segmental resection recently developed by Overliolt, IVoods, and Ramsay, the 
superficially placed A' (medial basal artery) would be ligated first (Pig. A. 
Plate 2), then B' (the medial basal bronchus). As tlie cut ends are pulled for¬ 
ward, the small segmental veins of V' would be ligated and then the plane of 
separation from the deeper segments developed along the anterior surfaces of 
F*b, and F'“ (Pig. E, Plate 2). 


The veins of the medial basal segment (Y') have not been inelnded in the 
above classification for the reason that they are small veins ranging from one to 
SIX in number. If there is only one, it usually empties into the inferior basal 
vein or its junction with the superior basal {Plate 1) or direetlv into the inferior 
pulmonary vein (Plate 2). fVben is nraltiple, the orifices of P^u mav be 
scattered along the superior basal vein, and those of p-fi along the inferior basal 
or located upon either of the large veins (as in Plate 6, #41. A) 

Similarly the veins from the subsuperior zones {P» and PX®) have not bppn 
mcluded m the above table sinee they are variable and may empty into either 
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the proximal or more distal portions of the great veins. Using 7^' as an example, 
it terminates in the twenty-eight specimens in which it occurred as follows: 
once on the inferior pulmonary, coordinate with 7® (cf. Plates 2 and 3); Uvice 
on 7®c or 7®6/ six times on the common basal; three times on the proximal portion 
of the superior basal; five times on the proximal portion of the inferior basal; 
seven times on the distal portion of the superior basal or its branches; and four 
times on the distal portion of the inferior basal or its branches. In sum, it 
empties into the proximal portions seventeen times, and into the distal portions 
eleven times. (Incidentally, the termination of 7* in the common basal was 
noted seven times by Adachi. He named this vein the distal truncus dorsalis 
in contrast to 7® which he called the proximal truncus dorsalis.) 

As to the course of these veins from the posterior sector of the lobe to the 
hilar region, one may say that almost always those which terminate in the prox¬ 
imal portions of the great veins pass medial to the posterior basal bronchus. S'® 
(cf. 7,* lateral views, Plate 3, and #24, Plate 5). Those which terminate in 
the distal portions pass between B‘ and or between B® and B’” (cf. 7X,* 
Plate 6, #41). 


THE RELATION OF THE BASAL TOINS TO THE MEDIAL BASAL SEGMENT 


Probably the basal segment which is least understood, clinically, is the me¬ 
dial basal (B^). Doubtless this is due to the smaller size and the somewhat con¬ 
cealed position of its bronchus. In anteroposterior bronchograms it is hard to 
see. Brock (1945) has pointed out its arched appearance in lateral broncho¬ 
grams, but few, if any, observers have paid attention to its branches, the an¬ 
terior and medial rami (B^a and B~h). Yet, as a result of this scrutinj'^ of fifty 
specimens, we have come to believe that it is the key to an understanding of the 
basal half of the lobe. 

In analyzing the variations of this segment we have utilized a landmark 
which Deve named “the hornlike projection of the cardiac segment.” This is 
the anteroparavertebral ridge Avhich separates the anterior from the paraver¬ 
tebral surfaces of the lobe. In preserved specimens, it occupies a position 
slightly medial to the medial boundary of the fossa of the inferior vena cava 
(“Ridge,” Plate 4, Tj^pe II). Occasionally it coincides with that boundary. 
The relation of the pulmonarj^ ligament to this ridge is variable. It may arise 
from the ridge or lie beyond it on the paravertebral surface. (In the latter case, 
one may speak of a “retro-pericardiac recess” between the ridge and the liga¬ 
ment.) Because the position of the ligament is variable it may not be used to 
define the anterior limit of the paravertebral surface. Posteriorly (Plate 7), that 
surface is limited by the costoparavertebral margin (Smith and Boj^den). 

Pour types of the medial basal bronchus may be recognized (see diagrams, 
Plate 4): TjTie I, that in which B’’ is disti’ibuted to both anterior and para¬ 
vertebral surfaces and passes superficial to the basal veins. This is the prevail- 
in«- pattern (34 per cent); Type II, that in which the distribution is restricted 
to'the anterior surface (22 per cent).* This represents only a slight variation 


»T,. nil four tvoes deeper branches of the rami pass to the corresponding- 

surface. bSt for the pu?p5slinSiand, no further mention of these is necessary. 
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from the normal pattern; Tvpe HI, that in ivhich the bronchus arises from a 
more medial position, and bifurcates almost immediately around the basal %eins 
(24 per cent). In this tjiie the B'a branch is superficial to the Teins and is dis¬ 
tributed anteriorly, the B'h branch is deep to the veins and is distributed para- 
vertebrally; Tj-pe lY, that in vrhich B^ is absent as such (20 per cent) and the 
branches which represent it arise independently from adjacent bronchi—BA-a, 
from the anterior basal (B^ or B^l), and SX^h from the subsuperior (B or BX:) 
or, rarely from the posterior basal (B*°), as at ^41 A, Plate fi.j 

Exact draivings of specimens illustrating tliese types are shoivn in the fol¬ 
lowing plates; Tjto I at A, Plate 2; a modified T>-pe I at B, upper iw of fig¬ 
ures, Plate 6 (here the superior basal vein passes superficial to B‘, but the rest of 
the inferior pulmonary is normally situated, i.e., medial to the stem of B'); 
Type III, upper row of Plate 5; a modified Type HI, in lower right coiner of 
Plate 5 (here, the superior basal vein passes superficial to B'a, but the inferior 
basal passes between B'a and B~i ); Type IV in the lower left corner of Plate 5. 
Pinally, specimen #41 in Plate 6 is of special interest as a transitional tjpe. 
B' is represented bj' a rudimentarj" stem (B'a). If this be ignored as negligible, 
then the specimen falls into Type IV with a BX'a ramus arising from B^b and 
a BX'b ramus origmating on B“‘. 

Before discussing the resectability of these types it is desirable to summarize 
the distribution of B'. First, the line of dimsion between B'a and B'b shifts 
in the different tjpes (Plate 4), Prevailingly (T.^'pe I), it lies in the fossa of 
the inferior vena cava. In Tjpe II, the line moves toward the lateral lip of 
the fossa, and in T.^pes III and IV to the medial lip—specifically the antero- 
paravertebral ridge. 

Second, the lateral limit of B', in Types I and II, was found to lie more than 
half way along the anterior margin from ridge to lateral margin of the lobe, 
in 42 per cent of specimens. 

Third, B' was fomid to be absent as such in 20 per cent of specimens, to have 
a whoUy anterior distribution in 22 per cent, and to supply both anterior and 
paravertebral surfaces in 58 per cent. Smith and Boyden's figures for fifty 
specimens were, respectively, 14 per cent, 8 per cent, and 78 per cent, but since 
in that article the anterior distance was measured from the variable pulmonary 
ligament, only the percentages for T\pe IV can be combined: that is, one can 
say that in 100 specimens B' was absent as such in 17 per cent. 

From the foregoing study, it would appear that resection of the medial 
basal segment—either by itself, for localized bronchiectasis (Scannell) or in 
conjunction with middle lobectomy (Brock, 1950)—is teehnicallv feasible in 
Tjpes I and II, but not in T>-pe III. For in that type the basal'veins lie be- 
riveen the rami of B^ and ligation of them would seem to be fraught ^vith hazard 
Furthermore, in three-fourths of these specimens (as #1, Plate 5) the arterv of 
B-h originates posteriorly and can be reached onlv with difficulty 

The question thus arises as to how Type III may be identifi'ed preoperativelv 
mbronchograms. Three criteria are submitted. Fii-st, B^ originates more medi- 

fore in origin 


and there- 
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ally than usual on the lower lobe bronelms. Second, it bifurcates almost at once 
into its principal rami.* Third, the fork is wider than usual in order to per¬ 
mit passage of the basal veins. Once these points have been established, seg¬ 
mental resection of the deeper ramus (B^h) would seem to be inadvisable. 

THE VEINS OF THE SUPERIOR SEGMENT (V^) 

The primary drainage of this segment is effected by the superior vein fV^J. 
In 86 per cent of specimens it swings around the medial side of the lower lobe 
bronchus, between the superior and subsuperior bronchus fB’’ and B*, Plates 3 
and 7), to enter the inferior pulmonaiy vein on the medial side of B^ (Pig. A, 
Plate 2). In another 12 per cent it enters the inferior pulmonary at a lower 
level, either passing between B’'a and B^b (6 per cent) or beneath B* (6 per 
cent), as in Plate 6 f#5). Finally, in 4 per cent (2 per eent being included in 
the preceding category) the segment is drained bj^ two separate veins (Y^a -f- b 
and y®c; see items indicated by a dagger, in Table III). 

In addition to this primary drainage there is frequently a secondary channel 
(VX^) which drains into the posterior upper lobe vein fV^J. This arises from 
the paravertebral or superior portion of the segment—an area that is frequently 
fused to the upper lobe. Boyden and Seannell found sueh a vein in 54 per cent 
of specimens. 

The tributaries of P* lie between the three rami of the superior segment and 
adjacent segments. Before discussing these it is necessary to review the bronchial 
patterns in the superior segment (see Fig. B, Plate 2). The variations are 
summarized in Table II, our figures having been combined with those of Smith 
and Boyden to give statistics based on 100 specimens. 


Table II. SoJtstARV of the Superior Segmental Bronchus (B^) 


SMITH ANP 

BOyPEN 
(50 SPEC. ) 

FERRY ANP 
BOYDEN j 

(50 SPEC.) 1 

TOTAL 

■ (100 SPEC.) 

I. 

B<> arises as a single stem 






1. Bifurcates into 

90% 

88% 


89% 


+ 6 and B«c 

86% 

72% 

79% 



+ 0 and B^a 


8% 

4% 



B^a + 0 and B«l) 


2% 

1% 



bizarre patterns 

4% 

6% 

5% 



2. Trifurcates into B^a; B^c 

0% 

4% 


5% 

II. 

arises as two separate stems 




6% 


1. + b; B«c 

2% 

6% 

4% 



2. Miscellaneous patterns 

2% 

2% 

2% 



A survey of Table II indicates that the prevailing pattern is that shoum at 
B in Plate 2—^namely, a bifurcation into B^a + h and B'c. 

Three new observations have emerged from this stud^L The first records 
additional modes of bifurcation. The second establishes the almost constant pres¬ 
ence of the deep branch of B'a (98 per cent). Smith and Boj’'den reported it in 
only 38 per cent of specimens, but owing to the difficulty of dissecting specimens 


♦The TveraKC distance from the keel of B- to the keel -n hich separates the rami is O.G cm. 
In specimens of Types I and II. the average distance is 1.35 cm. 
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filled with gelatine it is believed that this deep stem was often missed. In any 
event, this braneh (B^a2) is the largest component of the medial ramus (cf. D, 
Plate 2, and “Lateral Surface,” Plate 3). It swings around horizontallj’’ be¬ 
neath the paravertebral surface in a plane just above the basal segments and ex¬ 
tends to the posterior sector of the lobe and sometimes bejmnd that. Occasionally, 
it maj'- arise separately (see bronchus indicated by a double dagger in Smith 
and Boyden’s Plate 1). 

The third observation deals with an increase in the number of cases of double 
origin of 5®. Pour specimens were fotuid (Pig. 1). In each case the opening 
of the middle lobe bronchus was located on a level between the two orifices 

of i?®. The distance between the orifices of 5® ranged from 6 to 10 millimeters. 
Curiously enough Specimens #2 and #26 each had three independent arteries 
to the segment, while #17 and #37 had just two (Pig. 2). 



Fitr. 2.—Sketches of the right pulmonary arteiy of Hiree specimens. Specimen 48 is a 
representative of the prevailing bronchial Type I 12* a-^terial pattern (except 

for A®) is also of the prevailing" type. #17 is normal except for tv o arteries to superior seg¬ 
ment. #26 is atypical, having three arteries to the supwior sega^nt, displaced medial basal 
arteries (AX’a, AX’h ) and two arteries to the anterior basal segment, one of "which is asso- 
H-Ited with AX'a the other with A’. Tr. ant., truncus anterior to mediastinal surface of upper 
lobe ■ Pari intei-lib pSrrfntrrlobtri^ Portion of the pulmonary artery which appears in 

the depths of the inte^rlobar Assure: Aso. A‘a, ascending artery to posterior ramus of anterior 
selihent: A° c. a\ as^^^^^^ to interlibar side of the posterior se^ent of the upper 

lol^ A'+h middle lobe artery; A', artery of superior segment .Pars bnsais, basal artery to 
segrnents 7 to 10; A’, artery to medial basal segment; A , artery to anterior basal segment ; 
A’7 A", arteries to lateral basal and posterior basal segments. 


It is now possible to discuss the venous channels. It would simplif}’- matters 
if one could say that the branching of F® is like that of the specimen shonm in 
Plates 2 and 3, where three tributaries of approximately equal size (V^a, V^b, 
and F®cj, Ijdng on the anticloelrwise side of their corresponding bronchi, unite 
to form F®. However, the prevailing pattern (GO per cent) seems to be that of 
a single large stem formed from F®b and F®c. In this group I^®« is represented 
by one or more small branches entering the main trunk of F®. Such an arrange¬ 
ment is shown in Plate 7. (The three small veins at the base of the trunk are 
subpleural, perhaps bronchial, veins.) 
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In the remaining 40 per cent of specimens., the tributaries oi tend to bare 
a sbniblike arrangement and are too complicated to classify. Ho^evei, it is i - 
portant to note that some of the larger veins tend to be located between t le 


perior and the basal segments. 

Asain, if one ivere to foUoiv Overholt ^s principles of resection, ivould 
be lisaled first (Fig. A, Plate 2), then This vronld expose the main stem of 

“subsequently, the plane of separation betiveen the superior and basal seg¬ 
ments n-onld be developed along the line of the intersegmental branches of T^a, 
V^b and T'c (Fig. D, Plate 2). In a third of the specimens, hoirever, the plane 
hetvreen the tuo is oblique instead of horizontal (Smith and Boyden). Fre¬ 
quently, also, it is imdulating. vrith the snhsnperior zone protruding into the 
superior segment (Pig. 41 G, Plate 6)." In this connection, it should be noted 
that transverse fissures do not necessarily demarcate the intersegmental plane. 
In Plate 6 such a fissure separates the subsnperior zone (BX^) from the lateral 
basal segment (B’j rather than from the superior segment (B^). In the same 
figure (#41 C), a vertical fissure descending tomard the diaphragm separates 
two branches oi B^b, although higher up it coincides with the intersegmental 
plane between the anterior basal (B^a) and lateral basal segment (B^o). 


AXOM-UJES OF THE IXTEKIOR PULMOXARY imiX 

In the fifty specimens described in tins article (and the 150 of the right 
lung dissected before that), no such gross anomaly as the drainage of the pul¬ 
monary veins into the systemic circrdation has been encoimtered. (Brody 
records 6S such cases.) Houever, there mere aberrant t:rpes of drainage into the 
inferior pulmonary rein in 22 per cent of the 50 specimens (Table III). 

The common mode of foi-mation of the inferior puhnonaiu- (78 per cent) 
is by imion of the superior vein (F'; and the common basal vein. At the other 
extreme, is the pattern shoirn at C in the upper right corner of Plate 6. Here 
three vessels from the right lung join to form a conunon pulmonary vein. 
Healey and Gibbon found that in 3 per cent of 184 specimens the right lungs 
drained into a common right pulmonary vein. On the left side the figure rose 
to 25 per cent. The specimen in Plate 6 somemhat resembles three other cases 
by Healey and Gibbon (and Fvo by Brantigan) in mhich a vein from each lobe 
of the right lung entered the left atrium: hut in our specimen the middle vein 
drams not only a portion of the middle lobe but a portion of the superior ses- 
mmt and much of the lower lobe. Therefore, in intrapericardial ligation of 
veins, it mould not be safe to assume that the three veins drain the iTspective 
lobes. 

The second inode of formation of the inferior pulmonary vein is by union 
of three major veins (Table III). The simplest type is shoivn in Plate 7. The 
third mode is that in mhich four major veins are confluent. 

These m^tiple types are due mostly to the doivnmard displacement of veins 
not iisuaUy draming into the inferior pulmonary. Thus in 10 per cent the in 
ler^piflmonary receives veins from the middle lobe (Plates 5 and 6: see also 

•Tobin anl Zarignicr (1?30) have .also stressed this tacL 
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Boyden and Hamre, Plate 5, specimen #38); in another 4 per cent, it receives 
the posterior vein of the right tipper lobe fV-’J. This descends behind the root 
of the Inng (see Boyden and Scannell, Plate 7, specimen #26). 


Table III. Mode of Formation op Eight Inferior Pulmonary Vein 


I. Formed by union of tiuo major veins 


86% 

1. Superior (F®) and common basal vein 

78% 


2. Miscellaneous combinations 

8% 


F« + FX® and common basal** 

2% 


F® + F* and common basal (Plate 2) 

2% 


F®a, 6 and common basal (F®c from sup. 
basal) t 

F4 + sup. basal (with FX®c) and inf. bas. + 

2% 


2% 


F®a, h (Plate 6, #5)*ft 


10% 

II. Formed by union of three major veins 


F«; sup. basal; inf. basal 

4% 


F®,' Vi or Vi+i; common basal} 

4% 


F®; VXi; common basal** 

2% 


III. Formed by union of four major veins 


4% 

F4; F®; sup. basal; inf. basal (Plate 6)} 

2% 


Vi+S; F®; sup. basal; inf. basal (Plate 5)} 

2% 


♦These two drain into a common pulmonary vein (See #5C, 

Plate G). 



••Inferior pulinonary receives posterior vein (V'*) of upper lobe (4 per cent), 
tinferior puimonary receives two veins from superior segment (4 per cent), 
tinferior pulmonary receives veins from middle lobe (10 per cent). 


THE GENERAL ARTERIAL PATTERN 


If one looks into the interlobar fissure of an undissected right lung, one 
sees the interlobar portion of the right pulmonaiy artery (pars interlobaris) 
at the bottom of the fissure betwen the upper and middle lobes, partly covered 
by the posterior vein of the upper lobe (compare Boyden 1945, Fig. 3). If the 
middle lobe be reflected upward, the pars interlobaris may then be seen lying 
lateral and superficial to the corresponding stem bronchus (the bronchus inter¬ 
medins of Ewart), Figs. E and A, Plate 2. From this site, the artery curves 
backward along the posterolateral aspect of the lower lobe bronchus. Ac¬ 
cordingly, in a dissection the artery is best seen in a lateral view (Plate 3). 
In a postero-anterior film it has much the same slant, appearing as branched 
marldngs along the right border of the heart, as originally demonstrated in 


angiograms by Carvalho (1936).'* 

The pars interlobaris (Pig. 2), that part of the right pulmonary artery 
which lies between the truncus anterior (the principal artery to the upper lobe) 
and the middle lobe artery gives rise to one or more ascending arteries 

of the upper lobe in approximately three-fourths of the lungs (Boj^den and 
Scannell). In 52 per cent of lungs there are two middle lobe arteries (Boyden 
and Hamre). Liard found three in 4 per cent of specimens. The lower lobe 
artery is a continuation of the pars interlobaris. Almost immediately it gives 
off the artery to the superior segment (A') and then 

basalis the trunk which supplies the basal segments (Pig. 2, # }• here 

are no complications, is given off slightly below the level of the middle lobe 


plates. 


•We are indebted to Prof. Ernest Lachman for tlie privilege of seeing tliese beautiful 
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artery If there are two middle lobe arteries A*' lies at an intermediate level, 
i e . in a plane dranm between the two. If there are two or more arteries to the 
superior segment, each may lie just below the corresponding middle lobe artery 
(Boyden and Hamre, Fig. 3); if there are three, the highest may lie above the 
middle lobe arteries, and the lowest below them (Fig. 2, ?f26). 

THE ARTERIES OF THE SUPERIOR SEGMENT (A^) 

As sunmiarized in Table IT, a single artery suppUes the segment iii SO per 
cent of specimens. The prevailing pattern (50 per cent) is a bifurcation into 
a lateral ramus and into combined medial and superior rami fA*'fi -f A®b, 

Plate 2). This, it will be recalled, is also the prevailing pattern of the bronchi 
(72 per cent, Table II), but an analysis of all specimens indicates that a given 
arterial pattern reproduces the bronchial pattern in only 56 per cent. In other 
words the arterial rami cross the subsegmental planes in 44 per cent of speci¬ 
mens. Sometimes the arteries trifimcate, or are branched like a shrub or merely 
have another type of bifm'cation. 

In 16 per cent there are two separate arteries (cf. #17, Fig. 2) and in 4 per 
cent three separate arteries (cf. #26, Fig. 2). In simi. more than one aitery is 
to be looked for in one-fifth of the lobes. Preoperatively, these could not be 
predicted except in those cases in which two orifices for have been demon¬ 
strated by bronchography or at bronchoscopy. (See discussion following 
Table II.) 

Another impediment to the resection of this segment is the fact that in 
10 per cent of specimens A® carries a displaced ascending artery to the upper 
lobe. Almost always this supplies the posterior segment (cf. A^h, Fig. 2. ==26). 

In concluding this section, attention should be called again to the importance 
of the interlobar part of the right pulmonary artery in segmental resection and 
lobectomy (cf. Lindskog, Liebow and Hales; Boyden and Hamre). * 


Tabu rs'. Akteeial SrppLV or Svpet.iop. Segment 


I. Segment supplied bv single artery bifurcating into: 

1. Simple types 

1) Afc and Afos-b (Plate 2) 

2) and A«bs-c (Pig. 2, #4S) 

3) and A«ns-c 

2. Comple.^ types (\Titli displaced branches)* 

H. Segment supplied bv tiro separate arteries 

(Fig. 2, #17) 

1. Simple types (Acq or A«c separate from the rest) 

2. Complex types ' 

nX Segment supplied by three separate arteries 
2, #2G) Afc split, or Jfb split 
•For example, A'6 e- ai and A'c ~ a2. ~ ^ ^ 


S09c 


5o<rc 

S9c 




16% 




i6<rc 


S% 

STc 






THE ARTERIES TO THE WEDLAL AND ANTERIOR BASAL SEGMENTS (A' A^) 

In seeking a method by which the branches of the basal portion of thi 
pn monary artery may be classified it has been necessaiw to eHminate th 
doi-sal - rami (snhsnperior arteries), since they are as variable in origin a' 
t).e corresponding bronchi BXV- IITien these are itmored, the disWbn 



198 


THE JOURNAL OF THORACIC SURGERY 


tion of arteries to the medial basal and anterior basal segments (B^ and B^) 
seems to be correlated with the bronchial patterns shown in Plate 4. In the 
56 per cent of specimens which makes up Types I and II (the normal pattern) 
the first anterior branch of the basal artery is either the medial basal (38 per 
cent; ef. #48, Pig. 2) or (18 per cent; cf. #17, Pig. 2).’^ In the remaining 
44 per cent of specimens (Types III and IV, in which B’’ eitlier surrounds tiie 
basal veins or is absent as such) all but three of the specimens (6 per cent) are 
characterized by a displacement of the medial ramus (A’"b). That is, the latter 
shifts posterioi’ly, either to arise from the basal arteiy or to become an accessory 
branch of A’'", AX^' or A^° (AX^'h, Plate 5, #24). Meanwhile A^« remains in its 
usual anterior position (A~a, Plate 5, #1) or shifts laterally to become an acces¬ 
sory branch of A* or A® (AX^a, Plate 5, #24). 

Another striking feature is the variability of the artery to the antei’ior basal 
segment (A^). Smith and Boyden showed that P* was the most constant of the 
basal bronchi of the right lung, and this has been verified in our series; for in 
94 per cent of specimens it arises as a single branch of the stem bronchus.f Yet 
the corresponding artery (A‘) arises as a single branch of the basal artery in 
only 48 per cent of specimens. In another 16 per cent (12 and 4) it is associ¬ 
ated with either A^ or A’'a (cf. Plate 5, #1); in another 12 per cent it is associ¬ 
ated with A® (cf. Plate 5, #24). In the remaining 24 per cent it is split, arising 
as two separate arteries from the basal trunk (Plate 3) or as two separate ar¬ 
teries associated vutli portions of A’’ or A®, or with the whole of A®. 

Perhaps the variability of A® may be explained by the fact that it lies next 
to a variable segment, but this does not explain tlie numerous variations en¬ 
countered in other basal artei'ies (vide infra). In any event the importance of 
these arterial anomalies of A® ax’e obvious since hitherto the anterior basal seg¬ 
ment ^as been considered one of the easilj^ resectable segments. 


THE ARTERIES TO THE LATERAL AND POSTERIOR BASAL SEGMENTS ('B% B‘°) 


The basal portion of the right pulmonary bronchus may be considered to 
terminate in a bifurcation—namely, in the lateral basal and posterior basal 
segmental bronchi. In the fifty specimens studied by us, i?® xvas absent as such— 
that is it developed as an accessory branch of B®—in only 4 per cent. (Smith 
and Boyden found it in 8 per cent.) Similarly, in our study there was only 10 
per cent of specimens in which jS®h arose from B‘°, or B^^a from B^b.^ 

Aceordinglj^, one would expect that with relatively so few variations in the 
forldng of the bronclii (14 per cent) there would be correspondingly few vari¬ 
ations in the forking of the arteries. Strange^^ enough, however, tlie basal ai-- 
tery terminates normally by bifurcating into segmental arteries A® and A’o in 
only 44 per cent of specimens (cf. Plate 3). 


Hn^ihe remaining specimens (CVr), B'a and B«b had separate origins of varying sorts 

(cf. Fiff. li #26). fin nnt nffect the arranpomcnt of arteries, such as an 

of a hi^h paravertebral branch of in 147. 
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In fhe remainder many types of Tariations occur. Thus in IS per cent 
is split, its tsv'o rami arising separately from the hasal artery or in common uuth 
branches to other segments. In 30 per cent, A^ is atypically associated mith *4^ 
4'"'', A* or A-X*: and in 8 per cent the branches of A® and A’” are mixed. 

THE ARTERIES OF THE SUBSITPERIOR ZOXE.S fA® AXTD AX*j 
A sununary of the occurrence and origin of the suhsuperior and accessory 
suhsuperior bronchi in 100 specimens (from oni' data and those of Smith and 
Bovden) is presented in Table V. It nill be recalled that corresponds to the 
second dorsal ramus of Aeby, BA^ to the third and B* to the first. (See succes¬ 
sion of dorsal rami ending in D4 in Plate T.) 

Forty-two arteries to 36 suhsuperior bronchi (B^l occur in thirty of our 
fifty specimens. In exactly four-fifths of these the arteries arise on the dorsal 
side of the basal artery either high up (51 per cent), in the vicinity of A' or A^ 
(Plate 6. =5A), or loiver doivn (29 per cent), nearer the bifurcation of the basal 
artery into A-" and A'*’ (Plate 5. #1). The remainder arise aberrantly from A'^ 
(10 per cent) or A-’ (10 per cent). The larger number of arteries is due to 
the fact that the arterial rami n-hich accompany a given subsiipei'ior bronchus 
may arise from more than one site. Because of the deep posterior location and 
the variable origins of these arteries, resection of a subsuperior segment -would 
seem to be almost impossible unless the superior segment fB'j had been removed 
first. 

T.vble V. SvBsrrET.ior. Broxchi {’B* axp BX*) 

I. Frequency of occurrence in 100 specimens 

1. Snbsuperiors arise exclusively from level d. of stem 
bronchus as B* 

Snbsuperiors arise exclusively from level d, as BX* 
from B>o 

3. Subsuperiors arise from both levels in same speci¬ 
men 


16 % 

59 % 

i5% 


H. Detailed analysis 

1. Subsuperior represented by a single bronchus 

(1.) Arising at d, level, as !>* 

(2.) Arising at d- level, as BX* (10) 

2. Suhsuperior represented bv two bronchi 

(1.) Two B* 

(2.) One B* and one BX* (10) 

(3.) Two BX* (10) 

3. Subsuperior represented by three bronchi 

(1.) Two B* and one BX* 

(2.) One S* and two BX* 

(3.) Three BX* 

4. Suhsuperior represented by four bronchi 

(1.) Two B* and two BX* (10) 
m. Origin of B* (at <J, level). (Items 1:1 and 1:3) 

1. One subsuperior 

(1.) At level of B' 

(2.) Between B' aud B- 
(3.) Between Bs and B? 

2. Two subsnperiors 

(1.) At level of B' and between Bs anfl jgs 
(2.) Between B' and B-' and between B* 
and B2 


100 


13% 

30% 

3% 

32% 

S% 

s% 

1 % 


43% 

43% 

13% 


10 % 

1S% 


2 % 

3% 


4S% 

13% 


61% 
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Fifty-eight arteries to 52 accessory subsuperior bronchi (BX^^) occur in 
fortj’--one of our fifty specimens. Nearly seven-eighths of these (86 per cent) 
arise from jV”, 9 per cent from the loAver part of the basal artery, and 5 per cent 
from A^. Thus, as might be expected, the subsuperior arteries originate prevail¬ 
ingly from the upper half of the basal artery while the accessory subsuperiors 
arise chiefly from A‘°. 

Returning to the bronchi, onty one correlation can be made between R* and 
the four patterns presented in Plate 4, but this is very striking. In T,ype III, 
is present in only 42 per cent of specimens of tliat group, whereas in Types I, 
II and IV the respective percentages are 59, 82, and 60. Prom these figures it 
would appear that when B^'b lies on the deep side of the basal vein (Tj’pe III) 
there is tlie least room for subsuperiors to develop and when B' lies most an¬ 
terior (Type II) there is most room. 

Another interesting comparison can be made between the position of the 
highest BX'^ (the high posterior branch of B'") and B^a, the higli posterior- 
lateral bi’aneh of R®. The keel of each lies about a centimeter below the keel 
separating R» from R'" (Fig. 1, #17 and #37), but that of RV is slightly 
higher, averaging 7.2 mm., v'ith a range of from 2 to 15 mm. (thirty-eight speci¬ 
mens) while that of B^a averages 11 mm. with a range of from 7 to 14 mm. 
(thirty-nine specimens).'* 

CONCLUSIOX.S 


Analysis of the segmental bronchi, veins, and arteries in fifty dissected specimens of the 
right lower lobe has led to the conclusion that the most important relation in the basal half of 
the lobe is that between the bronclii of the medial basal segment and the large venous trunks 
which enter the inferior pulmonary vein. 

The inferior pulmonary is formed by a confluence of the vein from the superior seg¬ 
ment and the common basal vein. The latter is formed by the union of superior and 

inferior basal veins that drain the basal segments. TJie upper basal comes largely from seg¬ 
ments 8 and 9, the lower basal chiefly from segments 9 and 10. 

The mode of formation of the inferior pulmonary vein is anomalous in 22 per cent of 
specimens. It may be formed by three or four trunks and receive major tributaries from the 
middle and even the superior lobe. 

Four tj-pes of the medial basal segment are recognized: (I), the prevailing pat¬ 
tern, that in which the segmental bronchus fUrJ is distributed to both anterior and paraverte¬ 
bral surfaces, and passes superficial to the basal veins (34 per cent); (II) a slight modifica¬ 
tion of the prevailing pattern in which the distribution of Br is limited to the anterior (and 
diaphragmatic) surfaces (22 per cent); (III), a major variation in which Br divides around 
the common basal vein (24 per cent); (IV), a major variation in which Br is absent as such 
(20 per cent), Bra arising as an accessory branch of the anterior basal bronchus and Br'b 
arising as an accessory branch of the subsuperior (B*) or the posterior basal bronchus (Bro 

Eesection of Type III is considered to be hazardous, and criteria are presented by which 
it can be recognized preoperatively. Eesection of Types 1 and II are feasible, and a descrip¬ 
tion is presented of the intersegmental veins along which the segment may be resected. 

Similarly attention is called to the intersegmental veins which separate the superior 
(Bs) from the’basal segments (Br-ro). The arteries to the superior segment are multiple in 
one-fifth of specimens. In 8 per cent the bronchi of the superior segment arise from two 
separate orifices G to 10 mm. apart; thus the lower B^ might be confused with a high sub¬ 
superior bronchus (B*). 


.T„ nririttrm to tlie thirtv-nine there are three specimens 
the ?n tfie remaining eight it is absent. 


in wliich B’a arises atypically at 
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The hasal portion (pars basalis) of the inferiot pulmonary artery Ues on the po^tero- 
laterai side of the stem bronchns. In 44 per cent, it tenniaates by forking into Md A 
the arterie= of the lateral basal and posterior basal segments. In the remainder, the lovrer 
arteries arise irre^arlv. The first anterior branch of the basal artery is Ar (or A-^ m 
Tvnes I and H (56 pe.- cent) but in Types m and IV (44 per cent) rttp is nearly always 
porterior in ormn. arises as a single branch of the basal artery in only 45 per cen>. In 
the remainder it is split in origin (fi4 per cent) or arises in conjnncnon with A- or 
(2S per cent). The situation is farther complicated by the variable origin oi multiple arteries 
to the snbsuperior zones (100 in fifty specimens). 
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LOBECTOMY FOR FUNGOUS ABSCESS OF THE LUNG: 
EFFECT OP PENICILLIN 

Clifford L. Gratos, M.D., and Milton Millman, M.D. 

San Diego, Calif. 

^T^HERE is a good deal of evidence to show that the administration of penicillin 
^ 1 encourages fungous infections, and it is probably for this reason that these 
infections are on the increase. The following case is of interest because: 

(1) A huge pulmonary abscess wms treated wuth penicillin which eradicated 
all organisms except a fungus. 

(2) Heroic doses of penicillin nevertheless kept the clinical symptoms under 
control wdiile the patient w'as being jjrepared for surgery. 

(3) The patient survived lobectomy in spite of his age and desperate 
condition. 

CASE report 

The patient was a 72-year-oia, American-born grocer who w:as first observed by one of 
us (M.M.) in October, 1949. Presenting symptoms were cough, hemoptysis, weakness, fever, 
and nosebleeds. He had been in good health until 1947 when a chest film sliowed a density 
in the right apex. He started going downhill, but he continued active until September, 1949, 
when the above-mentioned symptoms of lung abscess developed. Sputum was mucopurulent, 
occasionally bloody. Fever went as high as 102° F. 

Phj'sieal examination showed that the man was critically ill. He was dyspneic, cj’anotic, 
toxic, and emaciated. His blood pressure was 122/74; pulse was 80. There was a maximal 
precordial impulse in the fifth intercostal space at the midclavicular line. A low blowing, 
musical, systolic murmur replaced all heart sounds, and was transmitted over the entire upper 
chest. Rhythm was regular. Showers of rales were present at the right apex. Prostate was 
enlarged, grade I. Diffuse, patchy, scaly eiuption over the sternum was noted. 

A chest film revealed a giant cavity in the right upper lobe, measuring 4.7 cm. by 7 cm 
(Fig. 1). There was no fluid level, but the lower three-fourths of the cavity contained a 
“cotton ball’’ density. A lateral view showed the cavity to be occupying the posterior seg¬ 
ment of the upper lobe. The interlobar fissure was shifted upward, and the trachea was 
pulled to the right. The remainder of the lung showed fibrosis and emphysema. The heart 
was normal in size. An electrocardiogram revealed T-wave and ST-segment changes indicative 
of myocardial disease. 

Laboratory work showed hypochromic anemia, hypoproteinemia, and mild azotemia. 
There was a persistent oosinopliilia varying from 5 to 21 per cent. Sputum cultures at first 
showed a monilia-like fungus. Later they became sterile. Bronchoscopy showed purulent 
material coming from the right upper lobe bronchus. Tliis material failed to show a fungus on 
culture. A needle biopsy somewhat later in the course of the illness showed a great abundance 
of septate mycelium in necrotic lung tissue. Morphologically it resembled Aspergillus- 
turally it was sterile. Intradermal tests for cococcidioidin and histoplasmin were negative 
in twenty minutes and forty-eight hours. Oidiomycin showed a two plus reaction in twenty 
minutes with no delayed reaction. An autogenous vaccine of the monilia-like fungus from 
the initial sputum culture showed a two plus reaction on intradermal tests in twenty minutes. 
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Cour.'o—The-ipv ■!^•as dLrected to-!\-aras combating the pnlmonarj infection and over- 
comincr the tosemia. The patient treated xdth intravenous amino adds, blood tmnsfesaom=, 
crude liver estract, and vitamins, Diginalis rvas given from the start. Parenteral peiucillin 
tvas started tvith an initial dose of 1 million units a dav. The temperature trhich at nrst 
ransed as hinh as 104= F. retcrne-l to normal, :uid the svmptoms improved. On November 
U ^he neuicmin tras cut to 240,000 units a dav. In a few hours the patient showed an 
increase* in toxicity with a rise in temperature. Pecause of this, the peuiciUiu was increased 
to 500.000 units ner day and then gradually to 1 miUiou. 3 million, S miUioa, and nnally 
20 million emits a day. The cavity shrank noticeably (Fig. 2). Three times an attempt was 
made to reduce the dose, but each time the patient reacted with signs of increased toxicity. 
On two of these occasions he snEered massive hemoptysis. Aureomycin, chloxomycetia, gan- 
trisin. dihydrostreptomycin, and iodides were all tried but without apparent benefit. 

The t 5 atient now developed urinary obstruction. Because his condition was still too 
noor for snraerv. he was placed on catheter drainage, and after several weeks he had a 
transurethral prostatectomy. He recovered. A few days later the needle biopsy of the lung 
was repeated. The findings were the same as at first. 



1 . .Xppearance of the lesion when the patient was first seen. 


Surgert* for the pulmonary lesion was undertaken on Afarch 3 lUpn (CiuG ) At 
thoracotomy the right upper lobe was found densely adherent to the parieral pleura The 
I^stenor segment of the upper lobe wr>s heavily infiltrated, and this process also involve,! 
the superior segment of the lower lobe. Beranse of the extent of the dLseas'e. and because 
caremoma was snU not entirely rul^ out, a lobectomy wa.s decide! upon. The Hlt^w^ 
sarpnsmgly iree. The branches of the pulmonarv arterv and o- rtp , 

“^-dually ligated and divide^!. The ironcHal stump was do^ 00^^ 

A stn^ amount ot the superior segment of the lower lobe was also removed The L'-Tfl 
was closed, and two catheters were iaserte.i into the chesr one in the rw,-*er; ' ra ^ 

and one in the midclavicular line. Through these catheters uenicillin ’ 

insertei into the pleural cavity during the first two postoperative davf 

The patient did poorly at first beennse of Mvere bronchial , , 

He was confused, agitate, an.l disoriented. These 
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expanded well, except for a small pocket at the apex wliich lias persisted to date. Vital 
capacity lias remained practically unchanged. The patient went home on the twelfth post¬ 
operative day and has remained well (Fig. 3). * 

Examination of the operative specimen showed a clironic lung abscess 5 cm. in diameter, 
draining into the posterior division of the right upper lobe bronchus. It was filled with a 
reddish-black, necrotic slough. Microscopic examination showed that the walls were covered 
with the same type of fungus as had been noted in the needle biopsies. Cultures were again 
sterile. 



Pig. 2.—After three months of penicillin therapy. 


COMMENT 

In summary, this was an elderlj’^ patient wiio developed a pulmonaiy lesion 
of undetermined nature in 1947. Two years later this lesion rapidly broke down 
and formed a giant abscess which was partially controlled witli tremendous doses 
of penicillin. Cultures were negative e.xcept at the very beginning (before 
penicillin was started). Two needle biopsies and the operative specimen showed 
a fungus, either Candida or Aspergillus. After a stormy preoperative course 
the patient came to lobectomy. He survived, and is now as well as ever. 

There are seA^eral interesting features in this ease. In the first place, Avhat 
was the role of penicillin? Did it enhance the groivth of the fungus, or did it 
simply suppress the normal competitors? Second!}^, ivliy did penicillin produce 
clinical improvement and shrinkage of the caAdty? Thirdly, this patient illus¬ 
trates that lobectomj' for lung abscess is not necessarily contraindicated in the 
presence of old age, general debilitj^ advanced arteilosclerosis, and severe cardiac 
damage. 

The effect of penicillin on fungi has been made the subject of several 
investigations and a number of ease reports. As earlj^ as 1942 Hobby, ileyer, 
and Chaffee* tested various strains of fungi for penicillin-sensitivity in the test 
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tube and found that all were penicillin-resistant with the exception of Crypto¬ 
coccus hominis. In 1944 Keeney, Ajello, and Lankford^ found that Can i a 
alMcans, Cryptococcus neoformans, Histoptasma capsraatum, and Coccu^^o^des 
inimitis were not only unaffected, but actually stimulated by pemcilhn in the 
test tube In 1946 Fleming and Queen^ repeated these experiments with nineteen 
different strains of fungi. Their conclusions were that all were penicillin- 
resistant, with the exception of Actinomyces (there is also good clinical evidence 
that actinomycosis is favorably influenced by penicillin^). In 194< Mattman 
reported that the common fungi were consistently resistant to penicillin and to 
streptomycin in laboratory tests. In 1949 Foley and Winter^ noted that throat 



Fig. 3.—Postoperative appearance of the chest. 


cultures from patients treated with penicillin for diphtheria and scarlet fever 
often showed an abnormal preponderance of fungi. They then injected various 
fungi into chick embryos and observed that the mortality ivas greatly increased 
by the addition of penicillin. They thought that penicillin had a direct stimulat¬ 
ing effect on the fungus, rather than a suppressing effect on competitive organ¬ 
isms. 

Besides these experimental observations, there are several ease reports sug¬ 
gesting that penicillin makes the patient susceptible to fungi. In 1946 Geiger, 
Weimer, Axilrod, and Durlaeher described a patient who developed a fatal 
Candida albicans endocarditis and meningitis during intensive penicillin therapy 
for subacute bacterial endocarditis. In 1950 Grekin, Cawley, and Zheutlin® 
reported fatal pulmonary aspergillosis in a patient who was under penicillin 
treatment for influenza. In the same year Zimmerman^ reported three cases of 
Candida and Aspergillus endocarditis, all of whom had been under treatment 
with penicillin and various airtibiotics. He felt that there was an etiolorical 
connection and quoted as yet unpiiblished work by Father pointing in the Sime 
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expanded well, except for a small pocket at the apex which has persisted to date. Vital 
capacity has remained practically unchanged. The patient went home on the twelfth post¬ 
operative day and has remained well (Fig. 3). 

Examination of the operative specimen showed a chronic lung abscess 5 cm. in diameter, 
draining into the posterior division of the right upper lobe bronchus. It was filled witli a 
reddish-black, necrotic slough. Microscopic examination showed that the walls were covered 
with the same type of fungus as had been noted in the needle biopsies. Cultures were again 
sterile. 



Fig. 2.—After tiiree months of penicillin tlierapy. 


COMMENT 

In summary, this was an clderty jiatient wiio developed a pulmonary lesion 
of undetermined nature in 1947. Two years later this lesion rapidly broke down 
and formed a giant abscess which was partially controlled witJi tremendous doses 
of penicillin. Cultures were negative e.xcept at the very beginning (before 
penicillin was started). Two needle biopsies and the operative specimen showed 
a fungus, either Candida or Aspej'gillus. After a stormy preoperative course 
the patient came to lobectomy. He survived, and is now as well as ever. 

There are several interesting features in this case. In the first place, what 
was the role of penicillin? Did it enhance the growth of the fungus, or did it 
simply suppress the noimal competitors? Secondlj'^, wliv-^ did penicillin produce 
clinical improvement and shrinkage of the cavity? Thirdly, this patient illus¬ 
trates that lobectomj" for lung absec.ss is not necessarily contraindicated in the 
presence of old age, general debility, advanced arteriosclerosis, and severe cardiac 
damage. 

The effect of penicillin on fungi has been made the subject of sei'eral 
investigations and a number of case reports. As earl 3 ’ as 1942 Hobbj', kleyer, 
and Chaffee' tested various strains of fungi for penieillin-sensitivitj’^ in the test 
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Mhelminsr infection, and neatly died of massive hemoptysis on se\ eral occasions. 
In addition, he had generalized arteriosclerosis, advanced pulmonary emphysema, 
severe cardiac damage, and long-standing prostatism. That such a patient could 
survive -was due chiefly to the careful preoperative preparation, meticulous atten¬ 
tion to detail during the operation, and proper supportive measures afterwards. 
Penicillin played an important role. 


summary 

A man 72 years of age n-ho nas severely ill with a huge pulmonam.- abscess 
that showed only fungus organisms re.sponded to massive doses of penicillin and 
sur\-ived a right upper lobectomy. 
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direction. In 1951 Woods, Manning, and Patterson^" reported twenty-five pa¬ 
tients who developed monilial infections while under treatment with penicillin, 
aureomycin, and chloramphenicol. Two of these patients had pulmonary lesions. 
These authors believe that the patient is made susceptible by the changes which 
the antibiotics produce in the normal intestinal and bronchial fiora. Other 
authors, such as Schnurman^’^ and Keeney,^ have seen acute exacerbations of 
mycotic skin infections under parenteral penicillin therapy for unrelated in¬ 
fections. This is believed to be an allergic manifestation. The only author to 
report a favorable effect of penicillin oh pulmonary moniliasis is Zussman,^^ but 
his patient received so little of the drug (a total of 1.5 million units) that it is 
questionable whether there was any causal relationship. 

With all this evidence at hand, it seems probable that our patient had a 
mixed infection in which the fungi eventually became the predominating organ¬ 
isms. Fungi are normal inhabitants of the mouth in many people. The signifi¬ 
cant observation here is that it was possible to keep the clinical symptoms under 
control and even produce some shrinkage of the cavitjq not by the discontinuance 
of the penicillin (as others have suggested) but rather by an increase in the 
dose to the heroic levels of 20 million units a day. Several attempts to reduce 
this dose led to a clinical relapse. This is difficult to explain on the basis of 
the known penicillin-resistance of fungi. Possibly tlie suppression of all otlier 
organisms had something to do with it. At any rate, it is a fact well worth 
recording because it ivas this temporary control of the infection that made opera¬ 
tion eventually possible. 

We were never able to identify the fungus in this case. JMorplioIogically 
it looked like Candida or Aspergillus because of the profuse mycelium, but the 
morphologic characteristics of fungi are notoriously variable, and it is necessary 
to have cultural evidence for a positive diagnosis. HoAvever, even had we been 
successful in culturing this organism, the information would not have had any 
important bearing on the treatment. Clinically these infections are a single 
entity, and any variations that occur are based on fortuitous fluctuations in 
virulence rather than on specificity of strains. 

The preferred treatment of chronic lung abscess has undergone a noticeable 
change in the last ten years. Whereas simple drainage used to be the treatment 
of choice, resection is now carried out more and more frequently. A simple 
drainage would never have cured this patient. There was too much destruction 
of pulmonary tissue. Also, there is ahvays the question of a hidden cancer. In 
recent years Shaw and Paulson,^^ as well as Kent and Ashburn^^ have stressed 
the desirability of resection. They feel that a great many patients continue to 
have symptoms of residual bronchiectasis when an abscess is merely drained. 
The oldest patient in the series of Shaw and Paulson was 54 years of age. The 
oldest patient in the series of Kent and Ashburn was 64 years of age. Our pa¬ 
tient was 72 years, but he is not the oldest patient in the literature to survive 
lobectomy for abscess. Eosenblatt, Aufses, and Lisa^= have reported a successful 
right middle lobectomy in a patient 82 years old! _ 

Nevertheless, the result achieved here was most gratiiying. The patient 
was debilitated, toxic, senile, and extremely ill. He was suffermg from an over- 
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■svhelming infection, and nearly died of massive hemoptysis on several occasions. 
In addition, he had generalized arteriosclerosis, advanced pulmonary emphysema, 
severe cardiac damage, and long-standing prostatism. That such a patient could 
survive vas due chiefly to the careful preoperative preparation, meticulous atten¬ 
tion to detail during the operation, and proper supportive measrires aftemvards. 
Penicillin played an important role. 

SUMMARY 

A man 72 years of age mho vas severely ill unth a huge pulmonam- abscess 
that showed only nrngus organisms responded to massive doses of penicillin and 
survived a right upper lobectomy. 
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DOUBLE AORTIC ARCH 

J. P. Nuboer, M.D.'® 

Utrecht, Holland 

I N THE year 1794 Ba 3 Tord applied tlie name of dysphagia lusoria to a morbid 
condition characterized bj'^ difficulties in swallowing and the presence of an 
abnormall}’- located riglit subclavian arteiy, whicli passes posterior to the esopha¬ 
gus, causing difficult swallowing owing to its pressure. Since that date a number 
of anomalous developments of the aortic arcli Iiave been observed which maj" 
give rise to similar clinical s 3 'mptoms. One of them is the double aortic arch, a 
rare irregularit 3 "; in this case the ascending aorta divides into two branches 
encircling the esophagus and trachea (ver 3 ' rarel 3 " the trachea onl30, uniting a 
little distance farther into ti'.e descending aorta. 

In normal circumstances the arcus aortae develops from the left fourth 
branchial arch, the innominate arteiy and the right subclavian artery spring¬ 
ing from the right fourth branchial arch, and the distal portion of this primitive 
right aortic arch disappears (Pig. 1). When development of these arteries is 
disturbed during the period between the third and the sixth embryonal weeks, 
the result ma 3 ’’ be the formation of a ring around the esophagus and trachea, 
consisting wholly or partly of blood vessels; this ring, if sufficiently narrow, 
ma 3 ' cause pressure on the organs within it. Sometimes the pulmonary arteiy 
and the arterial duct (both arising from the sixth branchial arch) are also in¬ 
volved in exerting this pressure. Examples of the latter possibilit 3 ’- are men¬ 
tioned b 3 '^ Gross and Ware’’ when they describe the different vascular anomalies 
that may be observed in this region. 

According to Gross and Ware,' a double aortic arch in man may be observed 
in two shapes: 

1. As a partl 3 ^ obliterated double aortic arch. Only one of its legs (the 
right one usualU^) is open and situated behind the esophagus; the other has be¬ 
come obliterated and is represented b 3 ’’ a vestigial remnant or cord in front of 
the trachea. This irregularit 3 ’^ is less common than the second. 

2. As a completeU'^ open double aortic arch. The two arterial branches 
very rarel 3 ^ have the same diameter (Schall and Johnson'-), in most cases 
one is Avider than the other. We near] 3 ' ahvays find a wide right arch, pass¬ 
ing posterior to the esophagus and trachea, and becoming a descending aorta, 
not situated to the right of the A^ertebral column, 3 mt sliglit^^ farther to the 
right than a normal descending aorta. The left arch is present in the shape 
of a slenderer arterial branch, anterior to tlie trachea and uniting farther 
toward the peripheiy with the right arch, so as to form the descending aorta. 
The great arterial vessels arising from the aortic arch, viz., innominate arter 3 % 
left carotid artery, and left subclavian arteiy, may arise in different Avays from 
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raucous coughing. The onsets and the asphyxia are very marked during the 
periods of feeding, when stridor mostly increases and cyanosis develops. The 
action of feeding, moreover, is difficult, and takes much time, as between the 
acts of swallowing, the ehild must rest in order to recover his breath. Infec¬ 
tion of the air passages occurs frequently; it is often eaused by swallowing the 
wrong way, ending fatally when it is not attended to. In the seven eases col¬ 
lected by Wolman^^ all the patients died. 

The view advocated by Apley in the Eoyal Society of Medicine in 1949, in 
a discourse entitled “Congenital Anomaly of the Aortic Arch and Its Branches” 
would therefore seem to be somewhat unusual, at least in the form in which it 
was published. In the summary it is stated that “Treatment, apart from 
chemotherapy of superimposed lung infections, is rarely indicated, because 
of the tendency to spontaneous recovery, but surgical correction may be life¬ 
saving.” 

It is not quite clear whether this view has special reference to a certain 
form of vascular anomaly in this case—^the double aortic arch. If this should 
be so, we would observe that in those cases ivliere the anomaly was accidentally 
discovered at an obduetion, or where they were accidentally diagnosed in 
adults, there had been no clinical symptoms previousljL A short time ago we 
found this anomaly aceidentally in a man, aged 69 years, who complained of 
vague gastric pains. He had never before had any diffieulties in swallowing, 
and there had not been any subjective or objective symptoms of narrowing 
of the trachea. On the other hand, however, we know of many cases where 
the symptoms arose a short time after birth, and where the patient died of 
pneumonia. When the irregularity reveals itself in distinct sj^mptoms in 
young children, we must look upon it as very grave. Potts’“ for example, 
treated an 8-year-old child, who had no fewer than tAventy-one times been 
admitted to the hospital for pneumonia before being operated upon. I there¬ 
fore agree AAuth Exalto, Dicke, and Aalsmeer,'' AA^lien they expressed the aucaa" 
that in babies or young children surgical therapy is necessarj’- Avhen the ring 
of blood vessels develops clinical symptoms, in order to prevent death or 
repeated infections of the air passages. I avouIcI, hoAveAmr, add that in such a 
case the symptoms must be reallj'^ pronounced and luunistakable, for naturally 
there Avill also be cases Avhere the symptoms are of such a mild degree that it 
seems possible to carry them along Avithout an operation. When aa^c consider 
the fact that Gross and Neuliauser'“ repoi't four deaths in sixteen cases, it seems 
necessary to avoid the greater risk of an operation in such mild eases, Avhere 
the anomaly itself AAdll mean a A’^ery slight risk for the patient. 

With the aid of a roentgen examination, a diagnosis can be made during 
life Neuhauser° pointed out that after sAAmlloAving barium a filling defect may be 
obsCTved in the posterior wall of the esophagus due to pressure of the right ^ 
posterior aortic arch. The trachea proves to be constricted at the same place, 
Avhich maj'^ be made Adsiblc in an ordinary roentgen photograph; if required, 
lipiodol may be introduced into the air passages. 
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It is hardly necessary to say that the only rational therapy of this irregu¬ 
larity consists of cutting the constricting vascular ring. The operation in itself 
is not difficult. As far as I have been able to ascertain it has up to novr been 
suecessfullj' done on eighteen patients onlj'. 

In 1945 Gross'’ ■ published the first successful case, in 1946 he published a 
communication about a second patient cured, and from a correspondence with 
Potts*' it appeal’s that he had a third successful case, which had not yet been 
published. In 1947 Sweet*^ mentions two patients who were successfully oper¬ 
ated on. In 1948 Potts*' described a female patient who was operated on witli 
complete success, and he also mentioned the case of another child where the cause 
of the constriction could not be found during the operation, as the constricting 
vessel lay hidden behind the esophagus; this child died some days later of suffo¬ 
cation. In 1950, finally, Exalto, Dicke, and Aalsmeei-* published three cases of 
the same anomaly which were treated successfully. 



Fig-. 


Fig. 3. 


Figs. 2 and 3.— -KoentgenoBram of esophagus after barium fllling V flliin,- n i, 

served toward the rear, at the level of the third and fourth thoralic vIrtebVal.’'® 


In Pediatrics (January, 1951) Gross and Neuhauser*' reported on no fewer 
than sixteen cases of double aortic arch which were surgically treated The 
ages varied between 1 month and 2 years. In thirteen patients there was a 
left descending aorta; in nine of them the left (anterior) arch was the smaller 

a" ( 

n as cut. In the three cases where a rmht deseendhiO' 

always the left (posterior) arch that was divided Four of th^ 

tients died. The eases published earlier by Gross are included in thirseSes*'"' 
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I can add the following ease to this short series: 

A 3-month-old Belgian boy from Antwerp, born Aug. 12, 1950, the fourth child- of 
healthy parents (-weight at birth 4,000 6m.), -was admitted to the Surgical Department of the 
University Hospital at Utrecht on Hov. 23, 1950. Prom his birth onward it was noticed 
that the child suffered from a distinct stridor. Supraclavicular and intercostal inspiratory 
contractions were observed. The child cried a great deal, and he often had mucus in the 
air passages, causing fits of coughing. Eespiration was easier wlien lie was held erect. The 
act of drinking caused troubles from the first; the child drank very slowly, feeding had to 
be interrupted repeatedly, and he easily choked when swallowing. When he was crying, 
cyanosis developed. The pediatrician in Antwerp, Dr. Helderweirt, made roentgen photographs, 
which at first revealed onl}- hypertrophy of the thymus. After the esophagus had been filled 
■with barium, a considerable depression in the posterior wall of the esophagus was observed 
near the third and fourth thoracic vertebrae (Figs. 2 and 3); in the anteroposterior roent¬ 
genograms, too, a constriction could be seen at this site. The trachea also proved to be 
narrowed here (Pig. 4). An attempt to fill the trachea with lipiodol failed because it caused 
an onset of extreme suffocation. A diagnosis of “double aortic arch’’ having been made, 
the child was sent to us for surgical treatment. 



Fi&. 4.—Roentgenogram of trachea. A stricture is visible just above the bifurcation. 

On repeating the roentgenologic examination the above findings were fully confirmed. 
Considering the circumstance that symptoms of pressure on the trachea and esophagus could 
be observed, which are characteristic of constriction by a double aortic arch, the diagnosis 
seemed to be correct. The child showed symptoms of serious constriction of the two anatomic 
organs, and therefore the prognosis without surgical treatment was very bad; hence it was 
decided to proceed to an operation. The patient was somewhat more than three mouths old, 
its weight was 5,700 Gw., and its general condition was good. 

The operation was performed on Dec. 4, 1950, intratracheal anesthesia of cyclopropane- 
oxygen bein<r administered. The tracheal catheter number 1 could not be advanced beyond 
the stricture” and up to the moment when the constricting ring was cut the anesthetist found 


kuboer; double aortic arch 


213 


if very difficult to bkiIco the gases pass the site of the stricture in _t . J , 

patient lay on his right side, and the thoracic cavity was opened in the ‘ c 

!pace The large thvmus was at once conspicuous. There was no aortic arch on the loft side 
and at first the desc;nding aorta could not be seen. Bdow the pleura ^ 

vessel was visible, which inunediately gave the impression of being the patent ductus Bob . 
The mediastinal pleura was incised between the phrenic nerve and f 

the left pulmonarj- arterj-. The blood vessel observed earlier proved to be the 
Botalli. After the thymus was moved aside the anatomic situation became clear (F g. ). 



Fig. o. Fig, C. 

Fig. 5 .—Anatomic situation as revealed by the operation. Tliere is a wide, right, 
posterior aortic arch, and a narrow, left, anterior arch, converging left and right behind the 
esophagus, forming the descending aorta, which lies somewhat fartiier to the right than nor- 
maliy. At the site where the anterior and posterior arches unite the former is slightly widened, 
and receives the long ductus Botalli. From the anterior arcli rise the left carotid and sub¬ 
clavian artery; the innominate artery could not be identified, it probably sprang from the 
posterior arch. Esophagus and trachea are constricted by a ring of blood vessels. 

Fig. 6.—Anatomic situation at the end of the operation. The ductus Botalli has been 
resected, the anterior aortic arch has been ligated and divided at the point of union with the 
posterior arch. 


There appeared to be a fairly slender anterior aortic arch, from which the left subclavian 
artery and the left carotid arose. The posterior aortic arch was short and thick. It passed 
into a descending aorta, which lay slightly farther to the right than is normal, exactly in front 
of the vertebral column. Kear the site where the anterior and the posterior aortic arch united, 
slightly to the left and behind the esophagus, the anterior aortic arch was somewhat wider 
and received the ductus Botalli. The right carotid and the subclavian artery could not be 
identified; these vessels probably arose on the right from the posterior aortic arch. IVe 
could see very clearly that the trachea and esophagus were constricted by this ring of blood 
vessels. 


IVlien the anatomic situation had become dear, the type of operation suggested itself 
speedily. A double ligature was applied to the ductus Botalli, and the adjacent part then 
resected. Next a double ligature was also applied to the anterior aortic arch at the site of 
the union with the posterior arch, followed by resection (Fig. 6). At that moment the esonha- 
gus and the trachea were released from their stricture. The esophagus protruded in a lateral 
sense, and at the same time the trachea became passable so that the catheter could be advanced 
beyond the stenosis. The thoracic cavity was closed again without draina<re. 



214 


THE JOURNAL OF THORACIC SURGERY 


After the operation the child was placed in an oxygen tent. His condition was excellent, 
although a slight stridor remained. Feeding then involved no further difficulties. The oxygen 
tent was removed four days later, recovery was uneventful, and on the fourteenth day the 
patient was discharged. Before his departure fresh roentgenograms were made. The site of 
the former stenosis in the esophagus was then readily passed by the barium meal (Figs. 7 
and 8). 

Reports from the parents and the pediatrician at Antwerp show that the child is doing 
very well, and that the stridor has gradually disappeared. 



Fig. 7. Fig. 8. 

Fig.. 7 and S.—Roentgenograms of the esophagus after tiie operation. The stricture is no 
longer visibie, and the barium meal passes very easiiy. 


Exalto et al* point out that although the patient’s condition, generally 
speaking, immediately shows a considerable improvement, jmt there remained 
a slight stridor for some time in the patients they treated; it diminished 
slowly during the subsequent weeks, and finally vanished completelj^. This 
agrees with our experience. It would seem quite reasonable to assume (with 
these authors) that the stridor is caused by a softening and distortion of the 
cartilage rings of the trachea, which have been constricted from the third em¬ 
bryonal week. These irregularities will only disappear gradually. 


SUMMARY 

A report is given of a case of congenital constriction of trachea and esopha¬ 
gus, caused by a compressing double aortic arch in a child aged a little oA^er 3 
montlis. An operation Avas successful. 


REFERENCES 


1. Apley, J.: 

2. Arkin, A.: 


’roc. Eoyal Soc. Med. 42: 918, 1949. 
SVien. Arch. f. Inn. Med. 12: 385, 1926. 



KUBOER: DOUBLE AORTIC ARCH 


215 


3. Blincoe: Anat. Eec. 66: 505, 1936. 

4. Esalto, J., Dicke, IV. K., and Aalsmeer, W. C.: Arch. Chir. Neerl. 2: 170, 1950. 

5. Gordon, S.: J. Pediat. 30: 42S, 1947. 

6. Gross, K. E.: Kew England J. Med. 233: 586, 1945. 

7. Gross, B. E., and IVare, P. F,: Surg., Gynec. Ss Obst. 83; 435, 1946, 

S. Malacame: Quoted by Gross and Ware. 

9. Neuhauser, E. B. D.: Am. J. Roentgenol. 56; 1, 1940. 

10. Potts, W. J., Gibson, S., and Eothn-ell, E.: Arch. Surg. 57; 227, 1948. 

11. Sagorsky, P.: Quoted bj’ Gross and Ware. 

12. Schall, L. A., and Johnson, L. G.: Am. J. Otol. Ehinol. & Laryng. 49: 1055, 1940. 

13. Sweet, H., Findlav, G. W., and Reversbach, G. C.: J. Pediat. 30: 1, 1947. 

14. Welch, W. H.: Bull. Johns Hopkins Hosp. 2: 142, 1891. 

15. Wolman, I. J.: J. Pediat. 14: 527, 1939. 

16. Gross, E. E., and Heuhauscr, E. B. D.: Compression of the Trachea or Esophagus by 

Vascular Anomalies, Pediatrics 7; 69, 1951. 



X-RAY THERAPY IN CARCINOMA OP THE ESOPHAGUS 

T. A. Watson, M.B., Ch.B., D.M.R., and E. M. Brown, B.A., M.T). 
Saskatoon, Saskatchewan, Canada 

C arcinoma of the esopha gus may be treated either bj'- surgery or irradi¬ 
ation, the five-year cure rate from each being extremelj^ poor. Surgery 
carries with it a considerable immediate mortality, even under the best con¬ 
ditions. It promises little more than the removal of the primary, and is usually 
of a mutilating nature. True carcinoma of the esophagus is almost invariably 
of an epidermoid type, and as sucb has a moderate radiosensitivity. Radio¬ 
therapy of this disease has been abandoned in many centers in favor of surgery, 
or at least relegated into a place of secondary importance due to the recent 
technical improvements in thoracic surgery and the advent of the antibiotics. 

It is the purpose of this paper to show that cancer of the esophagus can be 
eradicated with properly planned deep x-ray therapy, at least in the primary 
site, and an almost normally functioning esophagus restored. 

We Mush to present four cases of carcinoma of the esophagus, all proved by 
biops}', and treated by multifield beam-directed deep x-ray therapy,' on whom 
postmortem examination revealed no residual tumor in the esopliagus or in 
the near-by tissue. 

From January, 1946, to December, 1950, nineteen eases of cancer of the 
esophagus were seen. Six patients were not treated, owing to the presence of 
distant metastases or poor general condition. All of these patients died within 
four months. Another patient refused any treatment. Twelve patients were 
treated with deep x-raj^ therapy. Five of these patients, all proved epidermoid 
carcinomas, are living and apparently free from disease locally for periods up to 
fifty-two months. The remaining seven died from three to thirty-eight months 
after treatment. 

Of the seven treated patients who died, autopsies wei'e obtained on only 
four. Biopsies before treatment in eaeli of these cases showed epidermoid 
carcinoma. In each autopsj" the e.sophagus, and the sui'i-ounding tissue were 
carefully examined, and multiple microscopic sections were taken. No evidence 
of carcinoma was found in the treated area. 

case reports 

Case 1.—E. K., a man aged GG years, was admitted to tlio hospital in Auguat, 1947, 
complaining of increasing difficulty in swallowing solids for two years. He was still able to 
oat very soft solids by folloning each moutlifu! with fluids. No weight loss was evident. 
Roentgenogram examination revealed irregularity in the lower esophagus, but the barium 

From the Saskatoon Cancer Clinic. 
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passed into the stomach. Esophagoscopv sho\Ted a friable ulcer on the anterior ivall two 
inches below the aortic arch, and one inch further down it extended around the lumen to 
involve the posterior wall. The scope was passed to the cardia, and for one inch above the 
cardia the mucosa was normal. Biopsy was epidermoid carcinoma, grade II. The patient was 
treated with beam-directed deep x-ray therapy. (Four hundred kv., o Ma, F.S.D., SO cm.. 
H.T.L. iA mm. Cu.. six fields each 15 by 6 cm. delivering a tot.al tumor dose to the esophagus 
of 6.000 T in five weeks. There were twenty-five treatments, each field daily.) Barium swallow 
in December, 1047. revealed a smooth esophagus with slight narrowing. He was able to 
swallow all foods easily. In June, 104S. it again became difficult to get solids down. Roent¬ 
genograms showed no change, and on esophagoscopy no evidence of cancer could bo found. 
Dilatation with esophageal bougies was done intermittently. Swallowing improved, and he 
remained well until August, 1P50. when he was readmitted to the hospital. On examination 
the liver was enlarged, there was a large mass in the epigastrium, and a weight loss of twenty- 
one pounds. Roent"enogranis showed that the lower end of the esophagus was deviated far 
to the left by a mass outside the esophagus and stomach. He died three years and two months 
after the treatment. At autopsy no evidence of cancer was found in the esophagus. The 
scarred area, where the tumor had been situated, was completely covered with epithelium, and 
no cancer was seen in the numerous microscopic sections. There was metastatic involvement 
of the gastro-hepatic and peri-aortic lymph nodes, and from hence invasion of the stomach 
wall. Liver, pancreas, and thirteen vertebrae were replaced by cancer. 

Case 2.—J. B.. a man aged 60 years, w.as admitted to the hospit.al in October, 1947, 
with difficulty in swallowing everything except semi-solids and fiuids for one month, and 
ten pounds weight loss. Roentgenogram of the chest showed a focus of old inactive tubercu¬ 
losis in the left apex. On barium swallow an irregular narrowing was seen in the mid- 
esophagus. and on esophagoscopy a fungating ulcerated mass was seen in the middle third 
extending onto the right wall and the whole of the posterior wall for a length of two inches. 
The mass appeared to be deep in tlie tissue behind the esophagus and fixed. The patient was 
treated with beam-directed deep x-ray therapy. (Four hundred kv., 5 Ala. F.S.D. SO cm., 
H-F.L. 4.4 mm. Cu, through six fields, each 6 by 15 cm., deRvering a tumor dose to tbe 
esophagus of 5500r in three tveeks. Each field was treated daily for fifteen treatments.) The 
tuberculous focus in the left apex became active after the treatment, and the patient died 
tn the Sanatorium four months later. Autopsy revealed no fesidnal cancer in the esophagus 
on multiple microscopic sections. The treated area had not yet completely re-epithelired. 
Bilateral fibrocaseous tuberculosis was present with cavitation in the left apex, and there 
was terminal pulmonary embolism. Xo metastatic cancer was fonnd. It is weU known that 
x-ray therapy will activate pulmonary tubercudosis, but in this case it was considered that the 
risk was justified. 


Case 3.—X. .S.. a man aged 63 years, was admitted in Xovember. 1947, with pain in the 
retrosternal area and difficulty in swaRowing food, and food sticking in the lower esophagus 
for four mouths. Xo weight loss. Roentgenogram revealed an irregukiity in the mnco'sal 
pattern of the lower five inches of the esophagus with normal mucosa seen below the dia- 
ptogm. On esophagoscopy a fungating growth with narrowing involved the anterior and 
ri^ght side of The lumen in the lower five inches of the esophagus. It was impo^lhle to nas= 
the scope beyond the lower edge of the growth. Biopsy was epidermoid carcinoma, c^nde HI 
Re patient was treated with beam-directed deep x-ray therapy. (Four hundred kv a Ala 
h..-.D. S0_ cm.. HXH 4.4 mm. Cm, through six fields each 15 by 6 cm., delivering a tumor 
dose ot .mOOr m three weeks. Each field was treated daily for fifteen treatments t The 
paaent remained well and was able to eat aU foods until April. I94S when he develr,T.p.t 
retrosternal pain related to exertion. In December, 1P4S, he was admittTd^o th I 
m congestive failure and did not respond to treatment. He died fifteen months after°Sat 
men,. Autopsy revealed no evidence of cancer in the esophacm= althoncrh mnlHrito • 
sections were done, and no evidence of distant metastases wS'WI=^t 
congestive lailure incident to cardiac infarction following coronary thrombosis. ” 
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Case 4.—J. T., a man aged 52 years, was admitted January, 1950, complaining of 
increasing difiSculty in swallowing solids for eight months and taking liquids only. He liad 
a rib resection for empyema and a pericarditis in 1918, but no other illness. Barium swallow 
showed an obstruction at the level of the aortic arch with moderate dilatation above. The 
upper esophagus and trachea were displaced forward by an abnormal soft tissue mass which 
extended up toward the nock. A barium tract one inch long was observed to extend posteriorly 
from the esophagus into the mass. On esophagoseopy there was an extensive fungating tumor 
at the junction of the upper and middle thirds. It was not possible to find the lumen. 
Biopsy was reported as squamous cell carcinoma. The patient was given a course of beam- 
directed deep x-ray therapy using the Betatron (22 M.E.V., F.S.D. 105 cm., three fields, each 
15 by 6 cm. delivering a tumor dose of 6000 equivalent roentgens in three weeks. Each field 
was 'treated daily for fifteen treatments.) One week after treatment was finished he had less 
difficulty in swallowing and barium showed the narrowing in the lumen to be less irregular. 
Chest roentgenograms showed the upper mediastinal mass to be smaller. The patient returned 
home to New Zealand and died three months later. On postmortem examination there was a 
bridge of normal mucosa on the anterior wall of the esophagus. The posterior wall was 
ulcerated and attached to the bodies of the seventh cervical and first thoracic vertebrae. The 
bone was exposed, and the anterior parts of the bodies formed the posterior wall of a ragged 
retroesophageal abscess cavity. Sections from the base and edges of the abscess were free 
from tumor growth. No evidence of residual cancer was found in the lymph nodes and no 
distant metastases. 

CONCLUSIONS 

It is shoivn that cancer of the esophagus can be eradicated bj' properly 
planned beam-directed deep x-ray therapy. Four cases mth clinical history 
and postmortem findings are reported. 

The autopsies in Cases 1, 2, and 3 were performed by Dr. J. W. Adams, Pathologist, 
Saskatoon City Hospital, and in Case 4 by Dr, P. P. Lynch, Pathologist, Wellington, New 
Zealand. 
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CHA^\GES OINE AM) SEROl ELECTROLYTES AM) PLASiLL 
TOLOIES AFTER 3L\J0R INTRATHORACIC OPERATIONS 

Robfjrt K. Fixixt^ Jk.. )LD. (by in'mt.vtiok). Johx 1. Temfletox. III. )LD.‘®' 
(by rxviTATiox). Robert H. Hollaxd, )I.D. (by ixyitatioxL 
-YSD JOHX H. Gibbox. Jk., )»LD. 

Philadelphia, Pa. 

W ITHIN recent yeats, sni'geons have become more aware of the importance 
of changes in fluid and electrolyte distribution and excretion-follorving 
major operations. Hcn-ever. -o'e have been unable to find .any report of the 
serum concentration and ranal excretion of the chief cxtracelluhar electrol.Ytes 
in a series of patients subjected to major intrathoracic operations. The fol¬ 
lowing study was undertaken in the hope that further information regarding 
the phr-siologic disttu'hances following major intrathoracic operations would 
HLsnlt in improved pre- and postoperative care. 


JLVTEKlAL AXD METHOD 


Nineteen patients subjected to major intrathoracic operations were studied 
on the surgical service of the Jefiei'son Hospital. Thirteen patients had car¬ 
cinoma of the lung. In seven of these, pneumonectomy was performed. Six 
lesions were found to be nonrosectable after extensive dissection. Three patients 
had cai-cinoma of the esophagus. In two patients, an esophagectomy and 
esophagogastrostomy was performed. The lesion in the third patient was not 
resectable. In one patient a total esophagectomy and pharyngogastrostom.v was 
performed for lye stricture of the esophagus. One patient had severe respira¬ 
tory obstruction from a mediastinal tumor which was suceessfttlly removed 
In the remaining case, a tuberculoma was excised. All of these operations were 
considered snfBciently extensive to warrant these studies. 

The usual diagnostic studies were performed. Routine hospital laboratory 
tests gave no evidence of gross impairment of renal or hepatic function. Before 
operation, determinations of plasma volume and hematocrit were pmormed 
Transfusions were given to bring the blood volume np to a level near that <dven 
as^^al vor the patient's surface area by the nomosram of Boothbv and 4ndi 
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ford.^' The surface area was determined using the patient’s height and weigiit 
prior to the onset of his illness. Blood loss was measured and replaced at the 
time of operation. The patients studied later in the series were given plasma or 
ossein gelatin* in the immediate postoperative period. Ossein gelatin prepared 
in 6 per cent solution is hypei'tonie. Five hundred milliliters have the osmotic 
equivalence of 750 ml. of isotonic plasma. About 50 per cent of the gelatin 
remains in the circulation at the end of tAventy-four hours. It is largely ex¬ 
creted by the Iddnej^s.^’®' All patients were given one or two liters of 5 
per cent glucose in Avater on the da,y of operation. The fifteen patients Avith 
lesions elseAvhere than in the esophagus required supplementary intravenous 
fiiiids during the first or second postoperative days. Five of these patients 
receiAmd 76 to 153 meq. of sodium and three receiA'ed 27 or 53 meq. of potassium. 
The four patients Avith esopliageal disease required parenteral fluid for longer 
periods. Approximatelj' 100 meq. of sodium and 26 meq. of potassium Avere 
given daily during the period of parenteral feeding. One patient considered 
separately beloAv received larger quantities of sodium. 

The special studies Avere made in the folloAving manner in our laboratory. 
Blood specimens taken from an artery, or from a vein Avithout stasis, Avere 
centrifuged Avithin thirty minutes and the senim promptly removed. Urine 
specimens Avere collected for tAventy-four hour periods. Sodium and potassium 
determinations Avere made in duplicate AAuth tlie Barclay internal standard 
flame photometer®’ ■* AA'hieh has a reproducible accuracj^ in our hands of iy2 
per cent. The chloride determinations Avere done according to the method of 
Sehales and Sehales.®® Total eosinophil counts Avere made promptly after the 
AvithdraAAml of blood samples.®®’ Plasma volumes Avere measured using 

the T1824 djm dilution technique of Gibson and Evans®® modified for the photo¬ 
electric colorimeter by Gibson and EA’el.A'n.®® In most instances, specimens Avere 
obtained from an indAvelling arterial needle as described by Noble and Greger- 
sen.®® This facilitated prompt AvithdraAA’al of timed specimens, obviated the 
danger of stasis, decreased hemolysis, helped preserA'e A’eins, and ensured the 
use of mixed blood. Ampules of the dye solution Avere obtained from the AV. R. 
AVarner Company or made up from dye obtained from the Eastman Kodak 
Company. Blood volumes Avere calculated, using centrifuged hematocrits. No 
correction was made for plasma included in the centrifuged red cell mass.®® 
The error of this method is ±175 cubic centimeters.®® Blood loss at operation 
AA’as measured by the Aveighed sponge technique.^® Accurate records of elec¬ 
trolyte intakes Avere not maintained, except in those feiv patients receiving 
parenteral fluids only for a period before and after operation. 

RESULTS 

Serum sodium A’alues AA’ere beloAv the generally' accepted normal A’alues in 
many of these patients before operation (Fig. 1). The average value for this 
group of patients AA-as 125 meq. per liter, the range being from 103 to 145 meq. 
per liter. These findings are in sharp contrast Avith the serum sodium concen- 

^he ossein gelatin used uas Knox P 20 type obtained from Knox Gelatine Protein 
Products, Inc., Camden, N. J- 
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trations found, using the same technique, in fifty normal blood donors u'hose 
levels ranged from 132 to 152 meq, per litei*. and averaged 139 meq. per liter. 
The lovrest serum sodium determination. 103 meq. per liter, was seen in a 
debilitated patient 'vvlio had carcinoma of the esophagus producing total ob¬ 
struction. Serum potassium determinations before and after operation -were 
"within the normal range in all cases except for two patients who showed ab¬ 
normally low values (Fig. 2). Both of these patients had carcinoma of the 
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esophagus, were severely debilitated, and had received large amounts of intra¬ 
venous fluids containing inadequate amounts of potassium chloride Serum 
chlonde concentrations were slightly lower than normal. No simiifi’cant dif 
lerence was noted between the pre- and postoperative values (Fi^ 3) The 
average value for the group before operation was 95 meq. per liter '"postonew, 
tivel^ the level remined about the same, ranging from 110 to 75 meq per Hter 
Chang^rn the urmam- excretion of sodium were marked and cListei' 
(Fi.. 4). Beiore operation the urinary excretion of sodium ranged from 20 
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to 240 meq. per twenty-four hours. On the day after operation, the excretion 
of sodium was always depressed, the range being from 1 to 40 meq. per day. 
Generallj^ the depression lasted for about five days, and eventually reached 
the preoperative level by the seventh or ninth day. In all cases in the immediate 



OPERATION DAY POSTOP 

Fig. 3. 



DAY POSTOP 

Fig. 4. 


postoperative period, the excretion of sodium was less than that of potassium. 
Urine potassium excretion varied from 10 to 150 meq. per day before operation 
and there was no significant change in the range of values postoperatively. 
(Fig 5). Preoperative chloride excretion ranged from 12 to 230 meq. per day 
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(Fig. 6). In most cases, the urinary excretion of chloride was diminished 
during the firat three postoperative days. In two patients chloride excretion 
was unchanged. 



PREOP day postop 


Fig. 5. 



®‘‘“' KSTDP 

Fig. 6. 


In Fig. 7 is shown the average excretion of electrolj-tes in urine for this 
group. It can be seen that the sodium excretion , i a, T • 

pos.op.«i,,,,; ,ke .v„.ge 10T™ “ul' rw/'”'™'’''' 

..OP.P. TM. depp.™„ ,.3,.a Sv, aap. T^e cMoHde 
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diminished postoperatively, but the average ehloride exeretion was higher than 
the average sodium value. Postoperative potassium exeretion did not differ 
significantly from the preoperative average. 

The average concentration of the electrolytes in the urine followed the 
same general trend (Pig. 8). Potassium, however, was excreted in greater 
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concentrations postoperatively than preoperatively. Urine volume decreased 
slightly postoperatively and therefore the total amount of potassium excreted 
was about the same before and after operation. 



Fig. 9. 
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Total eosinophil counts ^Yere made before and twice daily after operation 
in 11 patients. The counts fell sharply to six or below after operation in all 
cases (Pig. 9). A return to normal occurred by the fifth day in all but one 
patient. This man had a nonresectable esophageal carcinoma and died on the 
eleventh postoperative day. Depression of the eosinophil count was more pro¬ 
longed in patients whose clinical condition was poor or who had more severe 
operations. The response of the eosinophil count to the administration of 
AOTH was observed in these patients before operation and after the count had 
returned to normal postoperatively. The response was satisfactory in every 
case. 


total EOSINOPillLE COUNT 



In the eleven patients on whom eosinophil counts were done, the return of 
the eosinophil count and of the sodium excretion to preoperative levels was com¬ 
pared. In six patients the eosinophil count returned to normal much earlier 
than the sodium excretion. An example of this is seen in Fig. 10. In five pa¬ 
tients the eosinophil count followed the .sodium excretion. An example of this 
is illustrated in Fig. 11. 


The plasma volume was determined in seventeen patients. It was usually 
decreased postoperatively in the first eleven patients studied, although blood 
replacement at operation had been adequate. None of tliem received plasma or 
.relatin in the immediate postoperative period. In the last six patients, plasma 
or p-elatin was given to prevent hemoeoncentration. The two groups are com- 
d'in Fi-- 12 Depletion of the plasma volume and hemoeoncentration on 
urLt postoperative day can be avoided by the administration of plasma or 
lefatin during the fir.st twenty-four hours after operation. 
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Three illustrative cases demonstrate this phenomenon. The first case was 
an esophagectomy (Fig. 13). There was a fall in plasma volume in the post¬ 
operative period, with a concomitant rise in hematocrit. This patient v^as 
poorly handled in that she received too much blood and no plasma during and 
immediately after operation. The second patient had a pneumonectom}^ per¬ 
formed for carcinoma of the lung (Fig. 14). A rise in hematocrit occurred six 
hours after operation. Following the administration of 1000 ml. of ossein 
gelatin, the hematocrit fell to normal value. In the third case repeated plasma 
volume determinations ■were done (Fig. 15). This patient’s initial blood volume 
was far below the predicted level. He was given 1000 ijil. of blood and 300 ml. 
of plasma before operation. This resulted in a return of his blood and plasma 
volumes to approximately their predicted normal values which were maintained 
in the postoperative period. 


BUOOD VOLUME, PLASMA VOLUME, AND HEMATOCRIT 
CARCINOMA OF LUNG PNEUMONECTOMY 
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DISCUSSION 

The low serum sodium levels in this group of patients, both pre- and post- 
operatively, was an unexpected finding. The cause of the hyponatremia is not 
clear. Sims and associates"''’ have reported asymptomatic hj^ionatremia in a 
group of ten patients ■^vith chronic pulmonaiy tuberculosis. In their group of 
patients, administration of sodium chloride resulted in increased urinary ex¬ 
cretion of sodium. On the other hand, when sodium was withheld, urinary ex¬ 
cretion diminished. Neither increasing nor decreasing the sodium intake 
changed the concentration of sodium in the serum. These authors contrasted 
their findings with those observed in adrenal cortical insufficiency in which 
nrinarv sodium excretion continues in the face of low serum levels and low 
dum intake They attributed the findings to a primary intracellular hypo- 
oLiolarity with final adjustment of all electrolyte levels at a lower concentra- 
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tion. That adrenal insufficiency is probably not the cause of the hyponatremia 
in our patients is indicated by the normal response of the eosinophils to the 
Thorn test and to the trauma of operation and by the uniform decrease in the 
urinary excretion of sodium after operation. ith one exception, u e did not 
administer large amounts of sodium in the postoperative period to our patients. 
In one patient who received large quantities of sodium chloride in isotonic solu¬ 
tion ofter operation, the urinary excretion of sodivini and the serum sodium le^ el 


cc. hot 
6000 


5000 


PLASMA AND 8L00D VOLUMES AND HEMATOCRITS 
MEOtASTtNAL TUMOR 


4000 


3000 



3000 


H 2000 


DAY -4 -3 -2 -I 0 +1 +2 

t t t ^ f 

«txe9 ItOCSrLASMARjOOO VOJLTDi 
900 800 SOO ZOOO 900 

fiCtATm 

PREOP 900 


+ 4 +5 +6 +7 +8 ^-9 -flO 


POSTOP 


Fig. 1.5. 


remained low (Fig. 16). By the fourth po.stoperative day, this patient had re¬ 
tained almost 1000 meq. of sodium. Water was retained in proportionate 
amounts so that appro.ximately one liter was added to the body fluids for each 
112 meq. of sodium. This undesirable result of administering lar<^e amounts 
2oym^™ ''' immediate postoperative period has-been well 

Offiy two patients in this series had low serum potassium levels Both 
patient.s had earemoma of the esophagas, were severely debilitated and ha^ 
received parenteral fluids for long periods of time Tliev did 
--Pieal ebniea, picture of hypopota^semia, nor did ly s^^" 
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graphic clianges. The publisiied reports describing potassium deficits in 
surgical patients concern patients who have lesions of the gastrointestinal 
tract.=> Most of the patients in this group were able to take food by 

mouth early in the postoperative period. Therefore, one would not expect po¬ 
tassium deficiencies to develop.The serum chloride concentrations generally 
were within the normal range. The patients who had low serum cliloride values 
also had low serum sodium and often low serum potassium values. 

The diminished excretion of sodium after operation was striking. The 
relation of this decreased sodium concentration to increased secretion of the 
desoxycorticosterone-like hormones of the adrenal cortex has been shown by 
the studies of Conn, Hardy, Johnson and associates. Leaf and Couter, and 
Thorn.’O’ It has been pointed out that the 11-oxysteroid hor¬ 

mone of the adrenal cortex influences the number of circulating eosinophils.'*^ 

EXPLORATORY THORACOTOMY 
CARCINOMA OF THE ESOPHAGUS 

MEQ MEO/L MEO/L MEO 



Moore^° has pointed out that these Tirinary electrolyte changes probably repre¬ 
sent a normal protective mechanism. In the majority of the eases reported 
here, urinaiy sodium excretion did not reach preoperative levels until the sixth 
postoperative day. In sharp contrast to sodium excretion the urinary exeretion 
of potassium was not diminished postoperatively. The increased urinary ex¬ 
eretion of potassium reported by others was not observed.**- 3 g 

Much interest has been shown in the relationship of exeretion of sodium 
and chloride in the urine of surgical patients. YanSlyke and Evans*** used the 
Fantus test** for urinary chloride concentration as a guide in the administration 
of sodium chloride, but warned that reliable results could probably not be ob- 
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tained in the immediate postoperative period. That there is frequently marked 
difference in the total urinary excretion of sodium and chloride, particularly 
when acid base balance is disturbed, has been emphasized by Randall and as¬ 
sociates.®’ They have shoivn that dependence upon urinary excretion of chloride 
alone may lead to serious errors in administration of sodium chloride. In half 
our patients after operation, there was good correlation between urinary ex¬ 
cretion of sodium and chloride. In the remainder, more chloride than sodium 
was excreted. 

The response of the total eosinophil count to the administration of ACTH 
and the trauma of operation as an indication of the adequacy of function of 
the adrenal cortex was proposed by Thorn and associates.''- Hardy®® shoived 
close correlation between the eosinophil response and the changes in urinary 
excretion of sodium while Johnson and co-workers®® have demonstrated the 
dissociation of these. This dissociation has been emphasized by Moore,®® and is 
important because the return to normal of the eosinophil count does not neces¬ 
sarily mean resumption by the kidneys of normal excretion of sodium. This 
Was demonstrated in a number of our patients. 

The importance of blood volume determinations in seriously ill surgical 
patients has been pointed out.'- In our early cases, blood volumes were 

determined before and after operation to ensure that preoperative transfusions 
Were adequate and operative blood loss had been properly replaced. A diminu¬ 
tion in the plasma volume postoperatively was observed, even though the Wood 
lost at operation had iieen replaced. The serosanguinous pleural effusion oc¬ 
curring after thoracotomy, as well as the loss of fluid into traumatized areas, is 
probably sufficient to account for the diminished plasma volume. Plasma or 
gelatin was given to the later cases after operation to replace this plasma loss 
and avoid hemoconcentration. 


.SUMM.\BY 


1. Nineteen patients subjected to major intrathoracic operations were 
studied. Urine and serum sodium, potassium, and chloride concentrations were 
determined. Plasma volumes and hematocrits were measured and blood volumes 
calculated. Total eosinophil counts were made in eleven patients. 

2. The preoperative serum sodium concentration was usually low. aver¬ 
aging 12.5 meq. per liter. Little change was observed after operation. Seram 
potassium and serum chloride did not show significant deviations. 

3. Ui-ine sodium e.xcretion was depressed postoperatively, irsually to less 
than 10 meq. per day. This depression lasted for about five daws. Urine 
chloride excretion also was depres.sed po.stoperatively, hut not to the .same ex¬ 
tent. The urinary potassium e.xcretion .showed no simiificant ehano-e after 
operatiom 


A There was no evidence of adrenocortical in.sufficiencv in anv of these 
patients. 


o. After operation, diminished urinary excretion 
than depres'sion of the total eosinophil count in half 


of sodium persisted longer 
of the patients so studied. 
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graphic changes. Tlie publislied reports describing potassium deficits in 
surgical patients concern patients who have lesions of the gastrointestinal 
tract.^’ Most of the patients in this group were able to take food by 

mouth earlj^ in the postoperative period. Therefore, one would not expect po¬ 
tassium deficiencies to develop.The serum cliloride concentrations generally 
were within the normal range. The patients vdio had low serum chloride values 
also had lov' serum sodium and often Ioav serum potassium values. 

The diminished excretion of sodium after operation was striking. The 
relation of this decreased sodium concentration to increased secretion of the 
desoxycorticosterone-like hormones of the adrenal cortex has been shown by 
the studies of Conn, Hard.y, Johnson and associates. Leaf and Couter, and 
Thorn.^®’ It has been pointed out that the 11-oxysteroid hor¬ 

mone of the adrenal cortex influences the number of circulating eosinophils. 

EXPLORATORV THORACOTOMY 
CARCINOMA OF THE ESOPHAGUS 

MEO MEO/L MEOA MEO 



Moore^® has pointed out that these urinaiy electroljde changes probably repre¬ 
sent a normal protective mechanism. In the majority of the cases reported 
here urinaiy sodium excretion did not reach preoperative levels until the sixth 
postoperative day. In sharp contrast to sodium excretion the urinaiy excretion 
of potassium was not diminished postoperatively. The increased urinary ex¬ 
cretion of potassium reported by others was not observed.®’ =- ='• 

kluch interest has been shown in the relationship of excretion of sodium 
and chloride in the urine of surgical patients. VaiiSlykc and Evans^® used the 
Eantiis test^^ for urinary chloride concentration as a guide in the administration 
of sodium chloride, but warned that reliable results could probably not be ob- 
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tained in the immediate postoperative period. That there is frequently marked 
difference in the total urinary excretion of sodium and chloride, particularly 
when acid base balance is disturbed, has been emphasized by Kandall and as¬ 
sociates.^' They have shown that dependence upon iirinary excretion of chloride 
alone may lead to serious eri’ors in administration of sodium chloride. In hall 
our patients after operation, there was good correlation between urinary ex¬ 
cretion of sodium and chloride. In the I'emainder, more chloride than sodium 
was excreted. 

The response of the total eosinophil count to the administration of ACTH 
and the trauma of operation as an indication of the adequacy of function of 
the adrenal cortex was proposed by Thorn and associates.''" Hardy'^' showed 
close correlation between the eosinopliil response and the changes in urinary 
excretion of sodium while Johnson and co-woi’kei’s*^ have demonstrated the 
dissociation of these. This dissociation has been emphasized by' ^Moore.'’- and is 
important because the return to normal of the eosinoplul count does not neces¬ 
sarily mean resumption by the kidneys of normal excretion of sodium. This 
Was demonstrated in a number of our patients. 

The importance of blood volume determinations in seriously ill surgical 
patients has been pointed out.'- "" In otu- early cases, blood volumes were 

determined before and after operation to ensure that preoperative transfusions 
were adequate and operative blood loss had been properly replaced. A diminu¬ 
tion in the plasma volume postoperatively was observed, even though the Wood 
lost at operation had been replaced. The serosaiiguinous pleural effusion oc- 
eun-ing after thoracotomy, as well as the loss of fluid into traumatized areas, is 
probably sufficient to accoitnt for the diminished plasma voltinie. Plasma or 
gelatin was given to the later cases after operation to replace this plasma loss 
and avoid hemoconcentration. 


StTMMARY 


1. Nineteen patients subjected to major intrathoracic opei-ations were 
studied. Urine and serum sodium, potassiiun, and chloride concentrations were 
determined. Plasma volumes and hematocrits were measured and blood volumes 
calculated. Total eosinophil eoiuats were made in eleven patients. 

2. The preoperative serum sodium concentration was usually low. aver¬ 
aging 125 meq. per liter. Little change was observed after operation. Serum 
potassium and serum chloride did not show significant de-riations. 

3. Urine sodium excretion was depressed postoperatively. usually to less 

than 10 meq. per day. This depression lasted for about five days, h'rine 
chloride excretion also was depressed postoperatively, but not to the same ex 
tent. Tlie urinary potassium excretion showed no' siunifieant ehan-e after 
operation. ~ 


4. There was no evidence of adrenocortical insufficiencv in anv of the, 
patients. ' • 

% After operation, diminished urinary excretion of sodium persisted lon^e 
than depression ox the total eosinophil count in half of the patienrs so stLS^ 
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6. Diminution of the plasma volume and increase in the hematocrit was 
noted during the first twenty-four hours after operation, unless plasma or a 
plasma substitute (ossein gelatin) -was administered. 
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DISCUSSION 

DR. JOHN H. GIBBON, Jr., Philadelphia.—^There are certain results of major opera¬ 
tions which foUow operation upon the chest, as well as the abdomen or any other part 
of the body, and one such resiilt is this rather strikingly diminished urinary excretion of 
sodium postoperatively. We have a series of seventeen cases in which this has occurred in 
ex-ery case. The depression of the urinary excretion of sodium lasted about five davs 
Most of these seventeen patients were subjected to very prolonged operations. I th'rak 
it is important to realize that foUowing long operations, the diminished urinary excretion 
of sodium may last as long as five days. Another finding which we encountered was the low 
level of serum sodium before operation which was nnehanged after operation. This has been 
previously reported in a smaU nnmber of cases in patients with chronic tnberculosis. We do 
not know the explanation for this hyponatremia, but we do know that if vou trv to ra¬ 
the low serum sodium level in the immediate postoperative period bv adi;iniste;mc. 
quauanes or physiologic salt solution, sodium and water accumulate in’the bodv the Irinlrl 

coucentration of sodium 'the serum 4 
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Finally, we have found, as many of you have probably also, that one does not learn 
a great deal from total eosinophil counts. In general, total eosinophil counts, if they 
bounce up promptly after a major operation, indicate that the patient is getting along 
pretty well. If they stay down, it probably is an indication that the patient has received 
severe trauma and is not in good condition. But, it should be emphasized, the depression 
of the total eosinophil count does not necessarily parallel the depression of the renal ex¬ 
cretion of sodium. It would appear to us that you can regard the eosinophil count as a 
measurable effect of the 11-oxysteroids of the adrenal cortex, whereas the electrolyte 
effects are due to the desoxycorticosterone-like hormones, and it is this group which affects 
the fluid and electrolyte balance postoperatively. You will not necessarilj- obtain an 
indication of the activity of the latter hormones from total eosinophil counts. 



COIMPLICATIONS AND SURGICAL TREATilENT OF 
HIATUS'HERNIA AND SHORT ESOPHAGUS 

Doxald B. Effler, jM.D.. and Charles S. Ballinger, il.D. 

(by invitation) 

Clei’eland, Ohio 

H iatus hernia is not thought of as a fatal or even an incapacitating dis¬ 
ease. There is a popular concept that this is an innoeiioiis ailment capable 
only of dyspepsia and other trivial symptoms. Actually this idea is as er¬ 
roneous as it is widespread. In reality the siTiiptoms of hiatus hernia may be 
distressing, but the complications of the hernia are serious and occasionally 
fatal. 

Consideration of the complications associated with hiatus hernia is impor¬ 
tant in recognizing the indications for surgical repair. Esophageal hiatus 
hernias are observed more commonly ivith improving diagnostic techniques. 
Brick^ has pointed out that the incidence of hiatus hernia among patients un¬ 
dergoing roentgen examination of the upper gastrointestinal tract is approx¬ 
imately 9 per cent. The incidence may prove to be higher in the future. 
Recognizing the increasing frequency with which true hernias are seen, it be¬ 
comes more important to develop a sound method of evaluation for therapy. 
A distinction between the symptoms and complications of hiatus hernia unll be 
helpful in selecting treatment suited for the individual case. 

BSatus hernia is commoul.v classified into three main groups 

1. The paraesophageal hernia. 

2. The pulsion type hernia. 

3. The short esophagus with thoracic stomach. 

We believe that a sharp distinction must be made between true hernias 
of the paraesophageal or pulsion type and the thoracic stomach associated with 
short esophagus. This distinction is based on our belief that the etiologj- dif¬ 
fers between the two groups as do the related symptoms, complications, and 
clinical course. For clarity the two groups will be presented separately. 


COMPLICATIONS OF HIATUS HERNLA 


Whereas the symptoms of true hiatus hernia are extremely variable in 
character and degree, the complications are rather clearly defined; for the 
most part we can classify them under three major headings; (1) bleedin°-- 
(a) occult or massive, (b) hematemesis or melena; (2) peptic ulcer- (3) 
volvulus. ’ ^ ^ 

Bleeding; In all probability this is the most common complication of hi- 
atus he rnia. Wuch has been written on this subject, calling attention to the 
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Finally, we have found, as many of j’-ou ha%^e probably also, that one does not learn 
a great deal from total eosinophil counts. In general, total eosinophil counts, if they 
bounce up promptly after a major operation, indicate that the patient is getting along 
pretty' well. If they' stay down, it probably is an indication that the patient has received 
severe trauma and is not in good condition. But, it should be emphasized, the depression 
of the total eosinophil count does not necessarily parallel the depression of the renal ex¬ 
cretion of sodium. It would appear to us that y'ou can regard the eosinophil count as a 
measurable effect of the 11-oxysteroids of the adrenal cortex, whereas the electrolyte 
effects are due to the desoxycorticosterone-like hormones, and it is this group which affects 
the fluid and electrolyte balance postoperatively. You will not necessarily obtain an 
indication of the activity of the latter hormones from total eosinophil counts. 



CO^rPLICATIOXS AND SURGICAL TREATiMEXT OF 
HIATUS-HERXIA AXD SHORT ESOPHAGUS 

Ho:saij> B. Ettler, H.D.- .veb Chastjes S. Baua'jger, 3LD. 

(bt IXnTATIOX) 

Cbevelaxd, Ohio 

H iatus hernia is not thought o£ as a fatal or even an incapacitating dis¬ 
ease. There is a popular concept that this is an innocuous ailment capable 
onlv of dvspepsia and other trivial symptoms. Actually this idea is as er¬ 
roneous as it is widespread. In reality the symptoms of liiatus hernia may be 
distressing, but the complications of the hernia are serious and occasionally 
fatal. 

Consideration of the complications associated Avith hiatus hernia is impor¬ 
tant in recognizing the indications for surgical repair. Esophageal hiatus 
hernias are observed more commonly writh improving diagnostic techniques. 
Brick^ has pointed out that the incidence of hiatus hernia among patients lUi- 
dergoing roentgen examination of the upper gastrointestinal tract is approx¬ 
imately 9 per cent. The incidence may prove to be higher in the future. 
Recognizing the increasing frequency Avith AA'hich true hernias are seen, it be¬ 
comes more important to dcA'elop a sound method of eA'aluation for therapy. 
A distinction betAveen the symptoms and complications of hiatus hernia aaTU be 
helpful in selecting treatment suited for the individual case. 

Hiatus hernia is commonly classified into three main groups 

1. The paraesophageal hernia. 

2. The pulsion type hernia. 

3. The short esophagus AA-ith thoracic stomach. 

We believe that a sharp distinction must be made betAveen true hernias 
of the paraesophageal or prdsion tA-pe and the thoracic stomach associated Avith 
short esophagus. This distinction is based on our belief that the etiologv dif¬ 
fers betAveen the tAvo groups as do the related symptoms, complications, and 
clinical course. For clarity the two groups Avill be presented separatelv 


COAtPUCXnOXS Of hiatus HERXIA 

Whereas the symptoms of true hiattxs hernia are extremely variable in 
character and degree, the compHcations are rather clearlv defined- iov the 
most part Ave can classify them xmder three major headings- (1) Weeding- 
(a) occult or massive, (b) hematemesis or melena; (2) peptic ulcer- (3) 
a-o1a-u1us. • '■ ' 

Bleeding: In all probability this is the most common complication of hi- 
a^erma. Much has been An-itten on this subject, calling attention to the 

■A fInstitute. 
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“blood loss” anemia, fatal hemorrhage, intermittent hematemesis, and melena 
attributable to hiatus hernias.^'" Theories as to the cause of the bleeding have 
included erosion of gastric mucosa associated with venous congestion, gastric 
Amrices, peptic ulcer, esophagitis, and intestinal defects secondary to the im¬ 
paired gastric physiology/’ * Regardless of the causes, bleeding is a frequent 
and troublesome complication of hiatus hernia. It may be occult in character 
and manifested only by “blood loss” anemia; on the other hand, there may be 
massive bleeding Avithout premonitory signs. Hemoglobin determinations of 
less than 6.5 Gm. are not uncommon among this group of patients. It may be 
pertinent that hemorrhage does not seem related to the size or shape of the 
hernia.” 



A. B. 


Fij- 1 _ A, Hiatus hernia associated with volvulus manifested by upper gastrointestinal 

obstruction The patient was a 61-year-old woman with progressive increase of symptoms 
over a ten-year period. B, Postoperative barium study one year after operation; compiete 
relief of all symptoms. 


Peptic Ulcer: True peptic ulcer has been recognized for many years as a 
complication of hiatus hernia.” The cause of the ulcer has been attributed 
to erosion, trauma, retained acid secretions, and other factors. Ulcers ma.y 


Table I* 


NO. 01’ PATIENTS 


Hematemesis 

Jfelena _ ,, r< \ 

Blood loss anemia (below 11 
Critical blood loss (below 7 Gm.) 


- - z —L nnpnted upon for hiatus hernia. 14 manifested complications by 

*Ot the 36 is difficult as all patients received supportive tlierapy before 

bleeding. Accurate ‘ 

transfer to the Cleveland Clinic. 







KFFi.ra Axr> KALUNGKR; HIATrS nEKSIA AXO SHORT Fi^OrHAOT'S -o I 

1h* <lifnc-u11 to I.loinonstnite l)y Iviriiim slmlivs; likowW. tlu'ir n-sponsi' tu uaul- 
ical therapy is diffieiilt to evaluate. lUeediug from these uleevs is common; 
perforation is not. althongh it nsnally has I'eeii reported as fatal.”' 

Yoh-uhis: This term is broadly vised to include twisting or folding of herni¬ 
ated stomach within the mediastinum. For simplicity we have included in¬ 
carceration with obstruction under this heading, although true volvulus need 
not be a factor. Usually this complication is manifested on the roentgenogram 
by two or more fluid levels in the herniated segment.’^^ Occasionally it is 
demonstrated by herniation of the antrum with the fundus and pylorus seen 
below the hiatus. Clinically these patients are more inclined to vomiting, pain, 
and dy.sphagia.'-'” ATe have not seen strangulation of the incarcerated seg¬ 
ment. although it has been reported.'^ 



A. 


B. 


Fig. 2.— A, Large paraesophageal hiatus hernia a. 

bleeding; symptoms present twent>'-one years. On admi^^^on to 

6.2 Gm- Postoperative roentgenogram eight months after lurgerv*^^oomn7S?°^ir 
sjmptoms. Hemoglobin 13.4 Gm. o , complete relief of 


Coiumcnf: By no means are aU complications of hiatus hernia included 
m this classification. The overwhelming majority, however, will fall into mm 
or more of the three categories. 

Alany of the voluminous reports found in the iitpvitn,.., n;,. , . ^ 

subject of treatment or indications for either medical n, 

Frequently encountered is the suggestion of Correlat/on bet?''"'’ 
the hernia and severity of symptoms. We do not believ +i 
.dp exists; nor do we feel that si.e alone is a^ 
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ment. A small hevnia may be reponsible for an exsanguinating hemorrliagc, 
whereas a much larger hernia may produce nothing more than occasional 
eructation. 

Specific indications for surgical repair of hiatus hernia will always be 
variable. Careful evaluation of the patient, however, with distinction be¬ 
tween symptoms and complications, will assist in election of either medical 
or surgical therapy. We believe that the presence of one or more of the com¬ 
plications listed is an indication for surgical repair. 

COMPLICATIONS OF SHORT ESOPHAGUS 

The symptom complex produced by short esophagus with thoracic stomach 
may parallel that of hiatus hernia. The problem of differentiation between 
the two lesions is well known. As might be expected, there is a similarity in 
the range of complication. 

Again we have stressed three separate categories of complications at¬ 
tributable to short esophagus. These ai'e: (!) stricture; (2) bleeding; (a) 
occult or massive, (b) hematemesis or melena; (3) peptic ulcer: (a) gastric 
or esophageal, (b) penetrating or perforating. 

Stricture: Dysphagia is tlie most common symptom associated with short 
esophagus, and in itself is not a complication. In advanced cases, particularly 
those associated Avith esophagitis or peptic ulcer producing cicatricial con¬ 
tracture, a fibrotic stricture may be produced that resists all efforts by 
bouginage and medical therapy.’®- Severe pain and chronic inanition, sec¬ 
ondary to the stricture, may render the patient a gastrointestinal cripple. In 
such eases differential diagnosis between carcinoma and inflammatory stricture 
may be impossible. 

Bleeding: This is a common manifestation and may occur in the variety 
of Avays demonstrated in hiatus hernia.’®- ” In short esophagus, hoAveA'er, 
there is an additional bleeding source found in the terminal esophagus. The 
scA-ere inflammatory changes produced by long-standing esophagitis greatly 
increase the Amscularity of the inA’’olA’’ed segment. The diseased mucosa is 
friable and hyperemic, bleeding readily Avith minimal trauma. Chronic "blood 
loss” anemia is a common finding in these patients; recurrent episodes of 
hematemesis and melena are not infrequent. 

Table II* 

_NO. OF PATIENTS 

-Blood loss anemia (below 11 Gm.) 7 

Critical blood loss (b elow 7 Gm.) _4 

■ •Seven ot the 10 patients operated upon for complicated short e.sophasus had episodes 
of bleeding. 

Peptic Ulcer: The association of ulcer AA-ith acquired short esophagus has 
been knoAvn for many years. Johnstone, Allison, Dick, and otliei-s’®-^'’ have com¬ 
mented on the severity of the .symptoms and the resi.stance to consei-A-ative 

therapy. 
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Peptic ulcer iiiav occur as either the iultlatiirg factor or as the seconclarv 
complication of short esophagus. With severe gastritis and esophagitis, ac¬ 
curate localization hy radiographic and endoscopic means is_ difficult. Al¬ 
though these ulcers have been considered esophageal in origin, findings at 
operation suggest that they arise more eoinmonly in the earclia of the thoracic 
stomach. In three of our cases the ulcers had perforated into the medi¬ 
astinum; one sealed perforation involved the pericardium; another had pene¬ 
trated the medial segment of the right lower lobe. 


Fig. 3.—A, t-arge paraesophageal hiatus hernia with extreme volvulus and anterior dis¬ 
placement of esophagus- The patient was a 66-year-old white woman who complained of pain 
and vomiting associated with ingestion of food. Patient was addicted to paregoric. B Post¬ 
operative appearance fourteen months after surgery; complete relief of all S'Tnptoms. * 


Symptomatic short esophagus is a structure defomity. In the 
complicated cases conservative treatment has. in many instances, proved in¬ 
adequate. It may he also impossible to exclude carcinoma hy radiographic 
studies or e.sophagoseopy. The generally iinsatisfactoiT response to con¬ 
servative measures, plus the uncertainty of diagnosis, have prompted more 
radical approaches in selected cases. Consideration of the factors complieatino- 
this disease Amll aid in the selection of candidates for siirgeri'. 

SURGICAL TRE.ATMEXT 

Henna: Thirty-six patients with paraesophageal or pulsion tvpe 
hern a have been operated upon; recovery ha.s been complete and iineventfiil 
m all cases. Each patient manifested one or more complications of hiatus 
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hernia, the presence of the complication having been considered an indication 
for surgery. Although sufficient time has not elapsed to permit accurate evalu¬ 
ation of indications or techniques employed, the immediate results are uni- 
formlj^ good. All patients have been relieved of symptoms attributed to the 
hernia, and there have been no recuiTences. 

A simple technique of surgical repair has been used in these cases, em¬ 
ploying the transthoracic approach. In many respects our concept of the 
hernia and its repair is in accord with the ideas expressed by Allison.-- How- 



Fig-. 4 .— A, Artist's description of operative field through thoracic approach. Bj Beginning 
of mediastinal dissection with incision of mediastinal pleura. Mobilization of esophagus and 
thoracic stomach is best accomplished by sharp dissection. C, Interrupted sutures to approxi¬ 
mate the right and left crura are carefully placed after mobilization and dissection are com¬ 
pleted. 

ever, we have attached greater significance to permanent reduction of the 
stomach below the diaphragm and less to the so-called sphincter action of 
the hiatus. A brief description of the operative technique follows: 

Endotracheal anesthesia is emploj’ed; the patient is placed in a lateral 
position. The thoracic incision is made over the eighth rib. The mediastinal 
pleura is incised from the hiatus through the pulmomu-y ligament to the in¬ 
ferior pulmonary vein. By sharp and blunt dissection the herniated segment 
and the terminal esophagus are mobilized. The fascia and reflected peritoneum 
are transected over the hernia and the crura freed by .sharp dissection. q’J,e 
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retroperitoneal portion of the stomach is gentlv dissected awar from the pos¬ 
terior aspect of the hiatns. After carefullT placing the sutures, the right 
and left crura are approximated posteriorly to the esophagns. The hiatus is 
closed snuglv around the esophagus. A 16 French stomach tube is left in place 
for tvrenty-four hours. The phrenic nerve is not disturbed. 

Short Esophagus: The need for a definitive surgical procedure in the 
treatment for short esophagus is evident. Ideally, this procedure should be 
simple and adaptable to all variations of the disease. The pathologic A'aria- 
tions produced by short esophagus, ho'vever. have forced us to subdivide the 
entity and its therapy into tum groups: (A) ulcerated short esophagus. (B) 
simple short esophagus. 



Fig:. 5 .—D 
Jiot paralyzetL 
fincer examines 


. Appearance of operative fiald at compl<=*tion oZ 
E, A grastric uibe is left in place for i\venn*-fou 
the hiatus to assure complete closure 


o^ration. The vliaphra^i i«; 
r hours. The operators 'index 


Group A IS made up of the eases ndth extensive shortening severe neri 
esophagitis, peptic nicer irith penetration, and secondarv chan-es in the snr 
rounding mediastinum. Radiographic studies in this group resmble those o-' 
extensive malignancy, and differential diagnosis may be exeeedinriv difficult 
These patients respond poorly, if at all. to conservative measures " ‘ 

«.e eh,„ic. 



Fig. G.— A, Short esophagus and thoracic stomach in a GO-year-oId white woman mani¬ 
festing severe pain and intermittent obstruc.ion. B, Roentgenogram made two months after 
surgery, illustrating tlie reduction of stomach within the abdominal cavity. Coinplcte relief 
of symptoms. 



7 _^ Sliort esophagus complicated by gastric ulcer in a 55-year-old white woman 

inimodijitc relief following .surgical correction without re.section. /;, Short esophagus witli 
thoracic stomach complicated by a large gastric ulcer m a ;>o-year-old white man belie -. 


thoracic siomacn --•c:.' 

to have acquired esopliageal siiortening. 


■cd 
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stT'tiou most tpilioiis. In osspiu'o, the siivgieal tveotineDt of the so^PlelA uUel¬ 
ated short esoidiasiis is similar to that of eareinoma. The diseased segiiieiit 
is reseeted and eontimiity is restored hy esophafiofrastrostomy. We have em¬ 
ployed this proeediire in only six eases; all of the jiatieiits were benefited. 

The second gronp inelndes patients having a short esophagus who have 
not sutfered the severe structural changes which characterize Group A. 
Whereas one or more of the complications previously discussed may be pres¬ 
ent. the patient is not reduced to the status of an invalid. Nevertheless, these 
people recjuire constant thei'apy and clinical observation as long as the short 
e.sophagus remains. The usual medical therapy abetted by bouginage may 
alleviate but not cure the disease. 



Fig. S.—Technique of thoracic correction of simple short e=ODha£ni= j .• 

the phrenic ner\e and mobilization of thoracic stomach with 

dissection. B, Incision of phrenocsophageal fascia and reflected sharp 

stomach. The dotted line illustrates the radial incision throu-h*^the°^illl?o ?'thoracic 
C, Posterior approximation of crura following reduction of thoracic =tom?ct? diaphragm, 
operation illustrating displacement of esophagus to nen- hiatal ™hipleted 

paralyzed diaphragm. E, Diagram illustrating transpIantfxT SophS|eS'’hfa\u'"^*' Portion of 

Surgical measures for short esophagus have been rather limited Phrenic 
nerve crush, gastrostomy, vagotomy^ enlargement of the esophageal hiatus 
and other procedures have been used with indifferent results It is not Pm i 
to presume that relief of sj-mptoms and prevention of fnhnc 

™, , 1,0 ien?rrsZuCt::,tl’'i~ 
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oJ: tlic thoi'jix, tlic underlying ]irol)lem remains tlic same. A simple operalion 
lias lieen employed for tlie past, two yeaj-s in a group of ten patients with short 
eso])hagus. The technicpie is similar to that described by Mcrendino, Varco, 
and Wangensteen^^ in the treatment of hiatus hernia. The results have been 
umforaily good; there have been no failures and no surgical complications. 
Description of the technique folloAvs: 

A thoracotomy incision is made over the eighth rib. The mediastinal 
pleuia is incised; the thoracic stomach and terminal esophagus are carefully 
mobilized. The phrenic nerve is divided for permanent paralysis of the di- 
aphiagm. At this point the surgeon ■will obsei’ve noticeable elevation of the 



Fig. 9.—Schematic correction of simple short esophagus by permanent naralvsis of the left 
diaphragm and transplantation of esophagus to new hiatus. The short esophagus is not 
appreciably lengthened, aIthoug!\ the thoracic stomach is reduced below the diaphragm. 

tendinous dome; the hiatus is not appreciably altered in size or position. The 
site of the "new” hiatus is selected at the dome of the diaphragm and a radical 
incision made to the esophagus. If mobilization is adequate, the tendinous 
leaves can he elevated to the cardiac esophagus, reducing the thoracic stomach 
to the abdominal cavity. The "old” hiatus is closed by approximating the 
crura. The terminal esophagus is carefully tacked with silk mattress sutures 
to the tendinous diaphragm to prevent sliding. With this procedure the 
esophagus is not elongated to a significant degiee; in I'eality the abdominal 
cavity is lengthened and thoracic space is shortened. In reducing the distance 
traversed by the thoracic esophagus a former .short esophagus may now be ade¬ 
quate in length. 
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EFFLER AND DALLIN'GEl!: 


COXCLUSIOX 

Hiatus hernia may be a serious, incapacitating disease. Surgical correction 
is not difficult and offers possibility of cure. 

Short esophagus is a disease characterized iiy annoying symptoms and 
capable of serious complications. Unless the structural defect is corrected 
permanently, any other form of thei'apy must be considered as merely palli¬ 
ative. Tu’o methods of surgical treatment are suggested. 
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DISCITSSIOX 

DU, VOUKKSTEU U.AIN'E. MihvaukiH>, AVis.—I ,i. som > ti • 

..raas Hospital at AVoo.l, Wisconsin, seeing every patient with^ dhi.rorirof T‘ 

and hiatus hernia. I had planned to iiTitc a paper on the Ui t I ^ esophagus 
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In all, we have seen eighty-nine patients with a short esophagus and hiatus hernia. Of 
this group, 50 per cent were so nearly symptomless that no treatment was considered. In the 
remainder we have the various types of complications that Dr. Effler has talked about. Sofue 
of them have a relatively minor stricture, and those wo have been able to manage only by 
dilatation and medical ulcer management. Others have had so much stricture that it could 
not be overcome by dilatations; they had peptic ulcers at the junction (mos tof those I have 
seen have been at the junction of the esophageal gastric mucosa rather than in the gastric 
pouch itself) and some type of resection had to be done. I have also found that there is a 
very high percentage of associated duodenal or gastric ulcer with the short esophagus oases 
that have an ulcer and a stricture, and these we have elected to handle by doing a gastric 
resection with repair of the hernia. I am sorry to say that in my hands none of the.se pro¬ 
cedures have liecn entirely successful. AVe have had esophageal ulceration or e-sophagit's 
continue after gastric resection, so that we have had a voj-y difficult time feeding them. 

The associated vagotomy with resection I feel is some protection against recurrent 
ulceration at the anastomosis, and that has not as yet occurred in any of our ea.ses. I 
thought that it might be interesting to show a patient who, I think, demonstrates very well 
the terrific pull of the inflamed esophagus and how it can shorten and pull a narrow tube 
of stomacli up into the chest. 

(Slide.) Here you see a patient who came in with a massive hemorrhage, a duration 
of four or five years’ difficulty in swallowing, and I think you can see the height of the 
stricture and the ulceration present at the point of stiicturc. 

(Slide.) This shows the patient after he had been treated by dilatation and ulcer diet, 
and there is much less spasm, and the narrowed area has come down far closer to the dia¬ 
phragm. Repeated dilatations, however, failed to control Iiim, and finally resection was done. 

(Slide.) I think you will also notice the difficulty I have had with him afterward, that 
is, the amount of gastric retention which is associated with vagotomy. This has been a 
troublesome feature in some of these lesections. 

(Slide.) This is a somewhat dift'erent type which I think shows some of the difficulties 
in differential diagnosis between achalasia, carcinoma, and a short esophagus. This is a 
picture of a short esophagus with ulceration at the junction, rather than early achalasia or 
carcinoma. 

DK. ALTON OCILSNER, New Orleans.—There is no question that many of these pa¬ 
tients will require resection. It is of interest to me that when one resects for short esopha¬ 
gus, one leaves an esophagus ivliich is even shorter than before, yet with very few e.vceptions 
the results are good after the resection. 

Several years ago before this Association I mentioned a patient who had a short esopha¬ 
gus with ulceration, in whom we advised a resection. This patient, an elderly- woman, refused 
resection and, on the advice of one of the y-ounger house officeis, we did a phrcniceotoniy. The 
patient was promptly relieved of her sy-niptoms and has remained well. Since that time we 
have done an increasing number of phrenicectomies in those individuals. I am inclined to 
believe that unless there is considerable damage, the symptoms can be relieved by phrcnicce- 
toniy, and probably the symptoms in the short esophagus, when they have symptoms, arc due 
to tile pull of the diaphragm upon the segment of stomach which is herniated into the thoracic 
cage. 

DK. LAMAR SOUTTEK, Boston.—I think that Dr. Effler’s paper was very good, par¬ 
ticularly in demonstrating variations in technique to suit the length of the esophagus. Several 
surgeons at the klassachusctts General Hospital have employed a somewhat similar technique 
with good results. In some ten cases, we hare deliberately made an opening in the tendinous 
'lortion of the diapl‘i''iS‘” f>«ffieiently large to permit the hand to enter the abdominal cavity. 
rZs uermits exploration of the upper abdomen in an efi-ort to determine the pre.sencc or ab- 
lice of peptic ulcers and gall bladder disease. It is helpful in ascertaining that the stomach 
harbeen completely reduced. It is most valuable in permitting accurate placement of tl.e 
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sutures in the (iiui>liragiu liy Liinniiunl palpation. For those patients with poor erurac 
posteriorly or with a true short esophnons. the iiieisioii ran he pxtenileil and the esopihagus 
transplanted anteriorly in the manner whieh Hr. Effler has shown. e have felt that this 
approach has made the surgery of diaphragniatie liernias easier and more effective. It has 
not compromised the diaphragmatic muscle uor increased the postoperative morbidity. 

DK. EFFLEK (closing).—I would like to thank Hr. Kaine, Dr. Ochsner, and Dr. 
.Soutter for their kindness in discussing this paper. In reference to the ulcerative or com¬ 
plicated form of short esophagus, I must admit that my omi experience is brief, encom¬ 
passing a period of only two and one-half years. Six of these patients have been tre.ated by 
resection and esophagogastrostomy. I agree with Dr. Baine and Dr. Ochsner tliat this is 
substitution of one disease for another. Dr. Ochsner has suggested that a plwenic crush might 
be of value in such a patient wlien pain is tlie predominant factor. Three of tlie six patients 
mentioned above liad previous phrenic operations and liad transient relief or none at all. It is 
also worthy of mention tliat two of tlie six patients were addicted to codeine or morphine, and 
two others were in the habit of using large amounts of paregoric. Perliaps tlie most important 
argument in favor of primary resection is tlie difReulty of dift'erentiation between peptic ulcer 
and primary carcinoma. 

As Dr. Baine mentioned, tlic secondary vagotonic stoniacli may be a serious problem in 
patients treated by primary resection. Two of our patients required further surgical as¬ 
sistance following esophagogastrostomy. 

Whereas onr experience is limited, we are, nevertlicless, very optimistic tliat correction 
of the simple type of short esopliagus with tlioracic stomaeli may prevent the development 
of future complications associated witli severe esophagitis, medinstinitis. and ulceration. ATe 
believe that this simple operative correction may well prevent tlie necessity of primarv resec¬ 
tion and esopliagogastrostomy at a later date. 



FORMATION OF A TEMPORARY EXTERNAL ESOPHAGEAL 
FISTULA OVER A T-TUBE FOR STENOSING 
ESOPHAGITIS 

Philip Thorek, M.D. (by invitation) 

Chicago, III. 


S TENOSING esophagitis ivith or ivithoiit perforation is not a rare condition. 

Although the etiology is uncertain, the most jirobable cause is the effect 
of gastric juice upon the esophageal ivall. 'Whether this gastric juice is a 
reflux into the esophagus from the stomach or whether it is produced in the 
esophagus itself because of heterotopie gastric mucosa is still controversial.' 

The diagnosis of esophagitis should not be overlooked since the symptoms 
are so commonplace. Winkelstein,^ in 1985, I'eportecZ on a group of cases 
which he described as peptic esophagitis; Vinson and Butt,® Olsen,^ and Alli¬ 
son,® have attested to its frequency. “Heartburn,” a frequent complaint, is 
described by the patient as a burning sensation in the epigastrium or.lower 
sternal region. Marked substernal pain referred to the throat, the neck, and 
the arms is seen in the more severe and far-advanced case. Moersch and 
Camp® are of the opinion that this tj'pe of pain is due to a diffuse esophageal 
spasm. 

Maii}^ cases of mild esophagitis will subside and leave no sequelae, how¬ 
ever, should the condition progress and become chronic, cicatrization of the 
lower part of the esophagus occurs. Olsen and Harrington^ believe that such 
cicatrization maj^ lead to actual shortening of the esophagus. It is question¬ 
able whether or not hiatal hernia should be considered a consequence of 
rather than the cause of esophagitis. 

Of interest is the fact that these cases are frequently associated with gas¬ 
troduodenal ulcers. Van Aken® reported three cases of stenosing peptic 
esophagitis, all of which had previous gastric resections for duodenal ulcers. 
He is of the opinion that the treatment of choice should be resection of the 
involved part of the esophagus. 

Conservative treatment should be attempted in all cases of esophagitis 
prior to surgery. Such therapy consists of the neutralization of gastric secre¬ 
tions, elevating the patient's head, antispasmodics, and dietary regimes. If a 
cicatricial stricture occurs, dysphagia may be relieved b}' cautious dilatation 
in the hands of an expert, and should this fail resection may be indicated. 

Wangensteen and Logan Leven® reported on six eases of esophagitis; the 3 ^ 
recommend subtotal gastrectomj^ as rational therapj^ to reduce the secreting 
surface of the stomach. 


thp DeDartments of Surgery. University of Illinois, Cook County Gradii.ate .Scliool 
nf Alpdlc^kie Cook County Hospital. Anicric.an and Ale.vian Brotliers’ Hospitaks. 

^ ^ _ 1 tuo Thirtv-first Annual Meeting: of the American Association for Thoracic 

Surftd^f'Atfantic City, N. X, April IC-IS. IS5I. 
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’When tlie patliologic process htos extended to such a point as to make 
resection impossil)lc (chronic perforation ■with spillage, extensive fibi-osis, 
and edema), the only recourse might be the establishment of an external 
esophageal fistnla over a T-tnbe. After a perusal of the literature, no report 
eonlcl be found vherein a similar procedure was done for stenosing esophagitis. 



loss 


UASK REPORT 

The patient, J. M., a 51-vear'old man enteTf»<i 

of weight of eight months’ duration. His past lustolv and 

gastric distress for twelve vears. Six years prior to entrai. mimerous episodes of 

perforated peptic ulcer. AVith the exception of having been operated upon for a 

was otherwise noncontributory. Dysphagia be-^an to deveT ^ his past history 

this became worse progressively untU he was able to swallow ORtrance'; 

Physical examination revealed an emaciated mo • , 
very ill but not in acute pain. The lower left chest was So“n 

sounds were noted both anteriorly and posteriorly ovp!%r, diminished breath 

r: “s 
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Eoentgcnopiapliy showed a marked filling defect involving the lower third of the esopha¬ 
gus with almost total obstruction (Fig. 1). In the region of the lower left lobe of the lung 
an opjieity about the size of an orange was noted. Atelectasis could not be ruled out. 

Esophagoscopy revealed an almost total obstruction of the esophageal lumen 42 cm. 
from the gingival border. This appeared edematous, rod, and bled easily. Biopsy of this 
section showed inflammatory tissue. Following esophagoscopy the patient ran a febrile 
course which was controlled within a week by conservative therapy. 



Fig. 2.—The operative procedure. 


An exploratory thoracotomy was done ten days later, and an orange-sized mass in the 
left lower cavity was drained of turbid, flocculent, nonpurulent fluid (Fig. 2). The resulting 
cavity was emptied and packed completely. The lower lobe of the lung was firmly adherent 
to the left homidiapliragm; the lower third of the esophagus was exposed and found to be 
scarred, rigid, and inelastic. 

The involved portion of the esophagus was opened through a longitudinal incision to 
rule out a malignancy and to determine the size of the esophageal lumen. Tliis disclosed a 
scarred and inflamed muscular layer and an almost obliterated lumen. No definite ulcer could 
be identified, although it was thought that at one time a small slow perforation occurred in 
this segment which leaked peripherally between the diaphragm and the lung, and accounted 
for the collection of turbid fluid found in the pleural cavity. 

Resection was impossible because of the condition of the patient who was almost in 
xtremis despite energetic and intensive preoperative care, contamination of the chest cavity, 
'''"d the tremendous amount of fibrosis and edema which involved the lower end of the csopha- 
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TEMPORABV- external ES0PHAGE,\L FlSTfLA 


gus. It tvtis thought inuarisible to r.ttemvt to close 
lince an esophageal leak soine.1 ineritaWe. The pess 


the esophagus over an indwelling tube 
ibilitr of chronic perforation could not 


he ruled out. . . , , . e-opha^s through the incision and an 

A large semi-npd T-tubc i^ro place and bilateral 

e.xtemal esophageal fistula w-as crcat . -lie jvsphacia disappeared rapidlv. 

vagotomc tvas performe.1 Although the T-tulH- was large. Ju dxspha^.a . - pp 



r- ^ xho T-tube =howui in place in the lower end o£ the esophagus. It is noted that 
passes through the rube and around the tube, and readily fills the stomach. 
Thl umb^of^STtute which lehds to the exterior is also filled with harium. 


The patient was given fluids by mouth on the third postoperative day and a roent- 
eenogram on the ninth postoperative day showed barium passing both into the stomach and 
out of the T-tube vEig. 3). The T-tuV>e remained in the esophagus for nine weeks, during 
which time the swallowed foci which app*eare.i externally out of the T-tube gradually dimin¬ 
ished. Following removal of the T-tul>e the external opening closed within five days (Fig. 4 ). 
and the fistulous tract began to narrow and disappear. 


Within the first six mouth.s of this pto.-e.lnre the patient gained flfl pounds, had a rather 
.iilate.1 esophageal lumen, no fistulous tract, and swallowe^I solid food with ease (Fig. 5 ). 

This patient is being followe-l cautiously roemgenologicaUv and trill probablv^reonire 
an occasional dilatation; however, to date this has not been necessary. ‘ ^ 
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SUAIMARY 

This report describes a case of steiiosing esophagitis which resnlted in al¬ 
most complete obstruction of the lower end of the esophagus, and was associ¬ 
ated with encapsulated fluid in the lower left chest, probably due to spillage 
from chronic perforation. 



Fie- 4. Fig:. 5. 

4.—Five vlavs following- removal of the T-tube. Barium by mouth was given, and 
the narrowing of the* fistulous tract is noted. The external opening of the tract is closed 
completely. The bulk of the barium has passed the now nonobstructed esophagus into the 
stomach. 

5_Roentgenogram taken six months posloperatively. The barium passes freely into 

the stomach through a nonobstructed esophagus, and tlie fistulous tract has disappeared 
entirely. 

Because of the patient’s critical condition, practically in extremis, the 
contaminated pleural cavity, and the involvement of the e-sophaffeal wall, re¬ 
section was considered impo.ssible. 

A T-tube was used to create a temporary exteiiial esophageal fi.stula. 

To diminish hypersecretion and hyperacidity, bilateral ^'ag■olonl.v was 

performed. 
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At the present evriting the patient feels perfectly evell. his dysphagia has 
not recurred, and the fistula has closed. 

After a perusal of the literature no report could be found of a tn-ocedure 
of this type being done for stenosing esophagitis v,'ith or vruhout perforation. 
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PR. RICHARP H. SWEET. Boston.—It seems to me that this procedure is exceetliugly 
unsouad l>ecause, if some of our less expeTieace>i associates attempt to treat the esophagus in 
this manner. I have the feeling they will get into all sorts of difficulties that a less experieaeetl 
operator might he expected to encounter. Pr. Thoreh’s moving picture shows, to my satisfac¬ 
tion at least, that the lesion he encountered would lend itself readily to resection. If the 
wall appeare'i to he involved in so much indanimatory thickening that it might not hold su- 
tares satisfactorily, all that would he necessary would he to follow the esophagus upward to a 
proper level just below the aortic arch or above the arch, and then pull the stomach up and 
do an anastomosis. 

I am quite certaiu that I have performcHi an esophagectomy in many cases in which 
there was esophagitis quite as had as. if not worse than, in this case. 

PE. THOEEK ^closingl.—dust a word to thank Dr. Sweet for his remarks. I can 
state only that one must take sincerely the comments and criticisms of one so versed in 
esophageal surgery. 



OBSERVATIONS AS TO THE ETIOLOGY AND TREATMENT OF 
ACHALASIA OF THE ESOPHAGUS* 

Earle B. Kay, M.D. 

Cleveland, Ohio 

T he phj^siopathology of achalasia of the esophagus is not clearly under¬ 
stood even though the first recorded ease was in 1672^ and theories as to 
etiology have been propounded in the litei'ature ever since. This state of 
knowledge results from the differences of opinion regai'ding the anatomic and 
physiologic features of the esophagus and eardia of the stomach under both 
normal and diseased conditions. 

The earlier investigators stressed the eardia of the stomach as the site re¬ 
sponsible for this condition. In 1882, von Mikulicz- popularized the theory 
of a true spasm of a cardiac sphincter as being the etiology of a mega-esopha¬ 
gus. Einhorn,^ in 1888, and later Hurst,'* in 1914, propounded the theory of 
“failure of relaxation’’ of the cardiac sphincter, and termed this condition 
achalasia. Since this time observers have differed as to the iiresence of a 
cardiac sphincter. 

At the present it is generally accepted that a cardiac sphincter as such does 
not exist but that there is a closing mechanism present at the eardia produced 
by the sliuglike action of the inner and oblique muscle layers of the stomach 
partially encircling the eardia. Experimental observations suggest that this 
mechanism, in conjunction with the septum between the esophagus and eardia 
on the left side, is probably more important in preventing regurgitation than 
it is in participating in the act of deglutition. Both experimental and post- 
moi'tem observations show that the eardia appears to be in a state of relaxation 
except when the stomach is distended. Inspection of the eardia during the 
performance of a cardioplasty as well as microscopic examination of sections 
taken from the eardia of patients with achalasia elicit no abnormal findings. 
The junction between the esophagus and eardia also appears normal. There is, 
however, generalized hypertrophy of the esophageal musculature and particu¬ 
larly the circular muscle of the tei'ininal esophagus, as will be described later. 

Extra esophageal lesions such as deformity of the “liver tunnel’’ with 
kinking of the esophagus,’’ periesophageal fibrosis,” incoordination of the di¬ 
aphragmatic crura," phrenospasm,® and failure of the diaphragmatic pinch- 
cock to open during the process of deglutition® have all been proposed as 
causino- the obstruction. None of these theories have been substantiated. 

Next various neurogenic theories were presented. These were based on 
microscopic and experimental ob.servations. Rake" (1927) de.seribed absence 
of and degenerative changes in the cells of Auerliach’s jile.xus in the lower 

-^eacl at the Thirty-Brst -'•“■‘'“ciatlon for Thoracic 

Suiffcrj, . 
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esopliagws in patients having aehalasia. This finding deserves more emphasis 
than generally neeorded it. As illustrated in Fig. 1. Auerlsaeh s plexus, as 
well as the myenteric nerve fibers, may appear e.ssentially normal. In other 
cases the ganglia cells may be difiicult or impossible to find, or may shou' round 
cell infiltration, fibrosis, and degeneration. The scarcity of ganglion cells 
might be interpreted as being the result of the esophageal dilatation and not 
the result of the loss of ganglia if it were not for the fact that the contracted 
terminal segment of the esophagus appeara to be more lacking in ganglion 
yells than in the dilated portions. There appears to be a correlation between 
the scarcity of ganglion cells and the degree of achalasia. The photomicro¬ 



graph illustrated in Fig. 1 demonstrates the presence of ganglia cells showintr 
some grannlation snggestive of degeneration in a patimd nfith a moderate 
degree of achalasia as demonstrated by the esophagram in Fi- 9 
to the photomicrograph m Fig. 3 Avhere multiple serial sections f ^ 

-lls ,h„e -ve,. 

patient had the most severe type of achalasia spmt tu 

,h»»s ^v„ filled erith this dueled essphegts;. es'demonsfra'edTn fJ 

dnction. or absence of these ganglion celk , t” ^Regeneration, re- 

- - m. oi n-hen the myenteric plexus i.s 
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destroyed cxperiiiientally as denion.stralcd liy Taiiiiya and Taimu'id“ there 
is a preponderance of syniiiathclic control; ninseular coordination is impossible; 
and the circular fibers become contracted and hypertrophied to the degree 
of causing esophageal obstruction. As the result of this obstruction secondary 
esophageal dilatation and hypertrophy develop above. When the pressure 
ndthin the esophagus builds up, or if the patient voluntarily increases his 
intrathoracic pressure by the Valsalva maneuver food or barium can be pushed 
into the stomach. Barium may also be demonstrated fluoroseopically to enter 
the stomach during the midrespiratoiy phase, as will be described later. The 
foregoing findings are similar to those observed in megacolon.”>The' 
parallelism between these two conditions is of interest. 



Figr. 2.—Esophagus demonstrating achalasia of esophagus before and after Heineke-HikuUcz 

type of cardioplasty. 


When the obstruction is relieved hy dilatation or operation, peristalsis 
may be restored and the esophagus may reduce in size if the degree of dilata¬ 
tion has not been too extensive, which suggests that the ganglia and nerve 
fibers of the upper esophagus are capable of function. If this condition were 
due to vagal nerve damage one would not expect peristalsis to be re-estab¬ 
lished. A stage in the diseased process maj’- be reached, however, where ir¬ 
reversible damage to the esophageal wall and nerves may have occurred. The 
pathologic findings presented consequently are dependent upon the stage of 
development of the achalasia. The more extensive findings are usually found 
in the greately dilated sigmoid tj-pe of esophagus. 

Knio-liB^ and Knight and Adamson” presented experimental evidence to 
show that the condition can l)c simulated experimentally in cats liy .seetion- 
the Vamis nerves. They also showed that this experimentally produced 
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inega-e.sopliagiis can be prevented bv siimiltaueous section of the sympatlietie 
fibers, or ivhen produced can be relieved later by this procedure. This led 
to the view that inhei’cnt disease in the vagus nerves might be responsible. 

Stimulation of the vagus nerves at the time of operation causes contrac¬ 
tion of the esophageal musculature and relaxation of the sphincter in the 
milder eases of achalasia. No significant muscular response is seen follou-ing 
vagal stimulation in the far-advanced case, wliieh suggests that the vagal 
dysfunction may be a secondary manifestation in the far-advanced case, or, 
of course, may be without etfeet because of possible loss of irnderh-ing ganglion 
control. This finding is in keeping with fluoroscopic evidence of increased 
primary and secondary peristalsis in the upper and mid-esophagus in patients 



u-ith milder degrees of achalasia, as compared to the complete loss of peristalsis 
and loss of esophageal tone in the far-advanced stage. A condition simulating 
achalasia may result from a chronic mediastinitis or mediastinal IvmnlmdpnnrT 
athy unth involvement of the A'agus nerves. ' 

Vagal denervation associated with esophageal mohili.ation causes dihta 
tion of the esophagus and contraction at its terminal re-ion Ak!. 7 
thoracic vagotomy for peptic ulceration is occasioimllv ^ 

.Mot pe„is,3 

esophagus recovers its own antomatieity. neiore the 

<Fi,. 5). X. '.."Ir" 

ot«er regions of 
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the eso])hag'us. This sphiuclerlike inechanism can be demonstrated liy surgical 
dissection to he hypertrophied circular muscle fihei's confined to the distal 
2 or 3 cm. of the terminal esophagus; above this site the circular and oblique 
fibers are not hypertrophied to the same extent. The dilating action of amyl 
nitrite on the sphincterlike mechanism of the hypertrophied circular muscle 
in the terminal esophagus has also been observed in some eases of achalasia 
at the time of operative exposure. 



Fig. 4 .—Esopliagram demonstrating markedly dilated esophagus filling entire right hemithorax. 


'Why the circular muscle layer in the distal esophagus should hypertrophy 
to the extent of causing functional esophageal obstruction with secondary 
esophageal dilatation above and not respond in the normal manner to either 
the primary or secondary esophageal peristaltic waves is not known, but ap¬ 
pears to be the result of lack of ganglion control and coordination. EtzeP® 
has suggested a vitamin B deficiency as a possible cause of the nerve damage 
when degeneration of the ganglion cells is seen. In support of this theory 
are other types of so-called “functional dysphagia” which respond to vitamin 
B therapJ^ The reduction in number or complete absence of ganglia cells in 
the terminal esophagus may be on a congenital or developmental basis. 
Othei'S^' have suggested psychogenic causes. Those emotional problems seen 
in these patients are more likety due to their esophageal dj^sfunction than to 
primary psychic disorders, for the 3 ’^ soon disappear when normal eating is 
restored. One might say, however, that the majority of these patients tend 
to be the apprehensive introspective type of individual. 

It is felt that a review of certain of the anatomic features of the esophagus 
and cardia would lie pertinent to this discussion. The esophagus has a well- 
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developed outer longitudinal muscle layer and a less Avell-deA'eloped inner 
muscle. The longitudinal muscle extends from the cricoid cartilage and 
cricopharjTigeus muscle above to insert below in an interlacing manner into 
the middle and outer muscle layei's of the cardia. ilusele fibers from the 
aorta, bronchi, and pleura attach themselves to the longitudinal muscle 
throughout its course. The upper one-fifth is striated, and the remainder is 
smooth muscle. 



Fig. 5.—Roentgen evidence of dilating effect of amyl nitrite on circular 

esophagus in patient with achalasia. muscles 


of terminal 


According to Lerche.’^ Laimer described tlie inner muscle laver of the 
esophagus as commencing m the upper end independentiv of anv 
of „u,.<.,e fibors. The of ,Woo f:. 

meuts Of the esophagtis. These muscle fibers run in an elliptical direction' 
around both sides of the esophagus and downward in the unner thirl oft? 
esophagus. A small segment of the mid-esophagus aliout 1 li ' i ^ f ^ 
circular fibers, below which they again run in a^ elHnt ea, ” 
ward direction toward the jmsterior a.spect of the l down- 

esophageal third, according to these authoi-s the 
esophagus in a spiral manner. There are also oppuc:- * . " 

,„o 0.1, or .o-,..o„,o. Thooo opirn, ilt" 
tertiary contractions and •■curling” occasin.,', ll * , of for the 

inner muscle layer of the esophagi, .s continues in ^"o>'««eoi)ieally. The 

layers of the cardia and stomach. Less often there muscle 
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fibers in the esophagus just above the cardia. Laimer and Lerche also de¬ 
scribed from anatomic studies a circumscribed thickening of the inner muscle 
layer approximately 1 to 3 cm. aboAm the diaiihragmatic hiatus which they 
referred to as the lower phj’-siological constriction or the inferior esophageal 
S23hincter. Deeper longitudinal fibers from this sphincter insert into the longi¬ 
tudinal layer and ha^m a dilating action on the sphincter. 

According to the above descrijition these separate muscle fasciculi appear 
quite apparent but unless they are carefully searched for the Amriations of 
the inner muscle lajmr and partienlarlj^ the sphincterlike action of the circular 
and elliptical fibers in the terminal portion of the esophagus ma}' not be too 
obAHOUS. 

As contrasted to the' normal, anatomic and surgical dissections reveal 
the inferior esophageal constriction in patients haA'ing achalasia to be very 
definite and composed of markedly lij’^pertrophied circular and elliptical 
muscle fibers extending from the esophagogastric junction upward for 2 to a 
centimeters. This area corresponds to the contracted distal segment of the 
affected esophagus. 

The diaphragmatico-esophageal ligament may also play a role in both 
normal and abnormal deglutition. This ligament Avas first described by 
Laimer'® in 1883, It arises from the fascia on the under surface of the dia¬ 
phragm. At the hiatus it diiddes into itn ascending part that extends upward 
and attaches to the longitudinal and circular muscle fibers of the loAver 
esophagus at the site of the inferior esophageal constriction or sphincter, 
and a descending limb that attaches to the cardia. This ligament is the an¬ 
tagonist of the longitudinal muscle of the esophagus and preAmnts the esopha¬ 
gus from pulling the stomach into the chest during sAvalloAAdng. There is con¬ 
siderable Amriation in the thickness of this ligament. When it is stretched or 
atrophic it may be one of the factoi’s responsible for the deAmlopment of hiatal 
hernias. In some patients Avith achalasia the ascending limb of this ligament 
has been taut and hypertrophied, and has appeared to be playing a role in the 
causation of the esophageal constriction. In one patient, not Aintil this liga- 
2 iient was entirelj^ sectioned at a secondary operation urns the esophageal ob¬ 
struction relicAmd. 

It can be demonstrated fiuoroscopically that the point of obstruction in 
patients AAdth achalasia is definitely related to the stress upon either the as¬ 
cending or descending limb of this ligament. As illustrated in Fig. 6 on deep 
inspiration the diaphragm descends, the ascending limb becomes taut and the 
point of esophageal obstruction is several centimeters above the diaphragm. 
On expiration the diaphragm ascends, the descending limb becomes taut, and 
the point of obstruction is then at the cardial junction. 

q’he diversity of opinion j'cgarding the etiology of cai-dio.spasm has also 
been reflected in the miillililicity of measures employed for its relief. Ochsnej- 
■uid DeBakey'-’ have ably covei-ed the lileraliire on this .subject and the reader 
• -cferred to this revicAV. Only those therapeutic measures designed to eii- 
Im-ge Die inferior esophageal segment and cardia have surA-ived the test of 
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time. Other measures attaekiiifr the esopluifrus ]iro])er, the diaiiliragiii, or 
the uerve control have failed in their expectations. The techniques most eoni- 
nioiily employed have little s]ieeificity as to the exact site of benefit and are 
of little value in contributing: knoudedge as to either this site or to the nature 
of the obstruction. 

Patients vith mild to moderate degrees of achalasia frequently obtain 
considerable relief of symptoms and occasional reduction in the size of the 
esophagus followuig mechanical dilatation. This dilating effect, however, is 
employed throughout the terminal esophagus and cardia so it is impossible 
to say with certainty exactly what had to be dilated. 



Fig. G.— Esophagrams Oemonstrating that point of esopliaceal nhctr.,,.*:_ . . , 

stress upon either the descending or ascending limb of the rtiaphragniat‘icoesnnh.,^1 ‘Vv’ 

- 1 , expiration: B. inspiration. ^ >''eniaricoesophageal ligament. 


In Other patients with more severe degrees of achalasia dilatation' nmv 
not be possible because of the tortuosity of the esophagus or the benefit V 
temporary as to be without value. These patients can be benefited bv nn ° 
ative procedures. These procedures fall largelv into two classes tl, ‘ 
plasty of either the Finney or Heineke-ilikuliez type performed' 'tf 
above or below the diaphragm and the cardiomvotomv snm 
from that originally described by Heller. ' ‘ modified 

The ma.iority of those surgeons eninlovimr tn,^ i^- 
plasty have stated that there is more svmptomatic ■of cardio- 
is ob.iective evidence of relief of the obstruction* Tl ^^’^'^^ont than there 
cedure performed transthoracicallv as describe'l • ®”'®^o-^fiJ^tiliez pro- 
tioir^ not only gives symptomatic relief but ob "f'" <?ommuniea- 
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reduction in tlie size of the dilated cso])]iiigu.s. In nianj'' patients return of 
lieristalsis and inn.seular tonicity is evident foJIoiving relief of tlio ohstinie- 
tion. Again as in eso]ihageal dilatation, these surgical ]U'ocedures are not 
specific as to their site of lienefit. These techniques necessitate an incision 
through the lower esophagus, esophagogasti-ie junction, and cardia so that all 
structures are incised. These operations are usually followed by both func¬ 
tional benefit and also evidence of reduction in the size of the esophagus if the 
neiv stoma is made sufficientijr large. 

Though relief of esophageal ohstruetion is obtained and the patient is sat¬ 
isfied with his ability to swalloAV, the incidence of regurgitation esophagitis 
and gastritis with seeondaiy bleeding and anemia is so high as to make this 
operative technique less attractive. Nine of thirty-two (28 per cent) patients 
having a Heineke-Mikulicz or Finney type of cardioplasty have had evi¬ 
dence of esophageal bleeding and anemia. In four of the patients bleeding 
was severe. All of the nine patients have to follow a carefully regulated 
ulcer regimen. Gastric anatysis has not shown hyperchlorhydria. Two of 
the patients who have bled most severely showed a persistent achlorhydria. 
In one of these patients it was necessary to do a secondary gastric resection 
to control the ulceration and bleeding. This particular patient originally had 
a Finney type of cardioplasty performed transabdominally. Vagus section 
at the time of the cardioplasty appears to be of no value in the prevention of 
this ulceration and bleeding and may give further sympto.ms secondary to 
possible loylorospasm. 

Because of this incidence of bleeding associated with the cardioplasty 
technique, it was felt that a better long-range result might he obtained fol¬ 
lowing resection of the lower esophagus along with the cardia and fundus of 
the stomach. Of three patients so treated and followed for two years, all three 
have been able to eat satisfactorily, but one follows quite closely an ulcer 
regimen because of the occurrence of a regurgitation esophagitis and hemor¬ 
rhage one month postoperativety. There has been no evident subsequent 
bleeding. 

Though this technique appears to be satisfactoiy, the results are no more 
gratifying than 'vvhat can be obtained by a modified Heller operation which 
is of considerably less operative magnitude. During the past year six pa¬ 
tients ranging from 9 to 53 years of age have been operated upon by the modi¬ 
fied Heller technique. There has been a satisfactory functional response in 
all, with a corresponding gain in Aveight. There has been no eAudenee of post¬ 
operative esophagitis and bleeding in these patients as yet. It is felt that by 
preserA'ation of the esophagogastric junction in the technique to be described 
accounts for the absence of regAirgitation and preA'ents the deA'elopment of an 
esophagitis. 

It is of interest that in the careful performance of the modified Heller 
technique, a markedly hypertrophied circular muscle at the site of the in¬ 
ferior esophageal sphincter described by Laiiner and Lerche has appeared 
sufficiently contracted as to be responsible for the esophageal obstruction. 
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The Heller operation as originally performed consisted of exposure of the 
stomach and cardia through a laparotomy incision, mobilization of the terminal 
esophagus and cardia and parallel longitudinal incisions of the musculature 
down to the mucosa anteriorly and posteriorly. 


A. 



B. 


Fig. T.—Surgical exposure ilenionstrating livpertropliip.l e!pp,.i 

■ segment before .f. anil after B, severinir theoL fibers 


osophapeal 
membrane to bulgre, 


■severing these fibers anil alrowrnT 


in terminal 
the mucous 


The technique as now performed in these natient^ i 

incision consists of seirarating the longitnilinnl muscle of thlM” 
c„s oml isolo.inn- the hynmnophicil cimilne „.„S 

innstoly tivo times Iho thicknc.s, of the l„.,si,„,,i,m, mnsc'ir Th! “r''”' 
trophic,1 circnlnr n.nscic winch extend, ““ ■■.'Tef- 

.innetion for 1 to o cm. is then .severed allowimr ti ^ esophagogastric 
Tl. Heretofore the esophageal nn,seulatnre"h-,sL' 
the sulmnicosa without differentiation into two laveivs' f^ifided down to 

The results of transecting this .sphincterJilJ T*'’’ 
l,as been gratifying in all patients so treated 
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as complete a reduction in the size of the esophagus as usually noted follow¬ 
ing a Heineke-Mikulicz cardioplasty (Fig. 8). 

As experience is gained in the treatment of this condition it may be found 
that the type of operative procedure employed in those patients not respond¬ 
ing to dilatation -will depend largely on the pathologic features of the pre¬ 
senting esophagus. In extensivelj’- dilated esophagi with loss of peidstalsis 
the most satisfactoiy procedure may still be a cardioplasty or a partial 
esophagogastric resection where a large stoma can he made vdiich cannot pos¬ 
sibly allow a retention of food. In the less extensive cases the modified Heller 
operation will suffice. From experience so far attained it appears that this 



A. B. 

Fig'. S .—Esopliagratiis cienionstrating aclialasia of esopliag'us before and after modified HeJIci 

cardiomyotoiny. 


latter operation, however, when correctty executed, will fulfill all of the 
surgical requirements and not be associated with unfortunate postoperative 
complications such as regurgitant esophagitis. 

In conclusion, there is evidence to show that rvhen there is degeneration, 
reduction, or absence of ganglion cells in Auerbach’s plexus, a preponderance 
of sjuniiathetic control develoirs; muscular coordination is impossible; and 
the circular fibers become contracted and hypertroiihied to the degree of 
causing esophageal obstruction with secondary esophageal dilatation and 
hypertrophy above. This terminal esophageal obstruction can be adequatclj^' 
relieved by dilatation or by severing the hypertrophied circular muscle in the 
terminal esophageal constriction or sphincter. 
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DISCUSSION OF “THE TREATMENT OF C.ARDIOSPASM : AN.ALY.SIS OP A TWELVE-YE.VR 
experience." by dr. .ARTHUR M. OLSEN, DR. STU.4RT W. H.4RRINGT0.V. DR 
HEKM.AN .1. MOEBSCH, AND DB. HOW.4RD A. -VNDER.SEN, ANT) “OB¬ 
SERVATIONS AS TO THE ETIOLOGY AND TREATMENT OF 
ACH.\L.\SIA OF THE ESOPHAGUS,” BY 
DR. EARLE B. KAY 


I)R 

.•uss the subject 
tion in 
uomo The opportun 
suhjeet, my 
patient 


OWEN II. W-\XGEXSTEEX. Minneapolis. Miun.—I t),. . - 

of mega-esophagus at the recent meetine- of fho a - dis- 

Washington. Houever, because of the more complex nature Associa- 

portunity to say something about it here la his =t>Vndi 4 I R-el- 

, colleague from Rochester. Minnesota. Dr. OLsen s'fated thal: 
patienis "Cre untraced. It is probably well to remind ourselves that It 
satisfied patient than the dis.=atisfied patient. ' ■ ■ it is easier to trace the 

Mikulicz gave this entity its name, in 1SS2. when he called Ir „ v 
some liuht is coming into our understanding of flic nature eV I believe 

..,,,1 Ui.s entity dystonia nitlier than cardiosp.asm or a'ch-das;., I prefer to 

eompononts. namely: h.vpcrtonus of the distal segmen't amVato ^ Dvo 

striated mu-^^-nlatur.* of t]ie c.=ophagus. ‘ of the more proximal un- 

Thc ohjeftivc of conserrntivc management U ti 

In Dr. Oben's traced cases that objective api-n^tj wnrSiS I!! w'^t 
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of instances in one liydrostatic dilation. My plea would be for earlier resort to operative 
myotomy if one or two attempts at bloodless myotomy fails. In many of our Outpatient 
Clinics, patients are coming back repeatedly over a period of years for dilatation. In other 
words, some of these patients are denied effective treatment and are subjected to periodic 
dilatations of the hypertonic esophageal segment with bougies. Cures of esophageal dystonia 
by dilatation with bougies must be infrequent. Distrust of, or dissatisfaction with conven¬ 
tional surgical treatment of the management of mega-esophagus is probably, in part, re¬ 
sponsible for this practice. Now, that the desiderata of satisfactory surgical management 
of esophageal dystonia, are Ijecoming evident, there is no need to temporize indefinitely with 
bougie and hydrostatic attempts at esophageal dilatation. Moreover, as Dr. Olsen has in¬ 
dicated, hydrostatic dilatations also carries hazard. 

The honeymoon of many an operative procedure for esophageal dystonia is ovei’, and tlie 
last of some of the proopsed operations, let us hope, has been done. I speak especially of 
the AVendel and the Heywovsky-Grondahl operations for cardiospasm. Both these operations, 
it is now known, invite esophagitis. The two operations which correct the condition without 
being followed by esophagitis arc the Heller extra-mucosal myotomy^ and the operation de¬ 
scribed by me in 1919, in which the tortuous distal end of the esophagus is excised' together 
with the entire acid secreting area of the stomach. That there should be such an important 
difference between the results of tlie Wendel procedure of open cardioplasty arid the Heller 
extra-mucosal myoton>y is very interesting. It had been believed, of course, that the only 
important condition to be met was to provide satisfactory emptying of the dilated esophagus. 
It now turns out that the Wendel procedure encourages regurgitation of acid-peptic juice into 
the esophagus, whereas the Holler operation apparently does not. Barrett of London has 
presented critical evidence on this point. (Proceedings of tlie Royal Society' of Medicine, 
June, 1950, Section on Surgery.) 

It is for the tortuous, baglike esophagus that I have done the larger operative pro¬ 
cedure, straightening out the esophagus and excising its tortuous distal segment, together with 
the hypertonic segment and the entire acid secreting area of the stomach. A coincidental 
Eamstedt procedure is also done on the pylorus to insure satisfactory' gastric empty'ing after 
excision of the vagi nerves, which of necessity attends the procedure. 

Demonstration of the sensitivity of the esophagus to acid-peptic juice was, I think, a 
startling observation to all of us. Most of us had been unaware of it. It had been reported 
now and then. The paper by Pringle and Teacher of Glasgow (1919) is particularly good. 
Yet, pathologists had continued to insist that the evidences of esophagitis, and even perfora¬ 
tion of the esophagus occasionally- observed at post mortem—that these were essentially' agonal 
or post mortem changes owing to softening of the esophageal wall occasioned by' the reflux 
of acid-peptic juice into the esophagus during the agonal state. AVe need to remind ourselves 
periodically that there are no Delphic oracles in medicine. Observations in the experimental 
laboratory have shown that the esophagus is more sensitive to acid-peptic juice than is any 
juxta-gastric ly'ing mucosa. The cat’s esophagus may perforate within twenty minutes, at¬ 
tending, the dripping of gastric juice into it, obtained from an isolated canine gastric pouch; 
the cat’s esophagus is by- no means that sensitive to injury- by- hydrochloric acid of the 
same pH. 

In doing the Heller myotomy, I like to make a short transverse gastrotomy- incision in 
the upper stomach. Under visual and tactile control, with the finger inserted into the esopha¬ 
gus, the division of the muscular fibers of the hypertonic segment is readily- done, without 
risk of injury- to the mucosa. Moreover, this incision should be adequately- long. Ten to 
twelve centimeters is not too long. Some of the reported failures, in the Heller myotomy, 
are undoubtedly owing to the my-otomy- being inadequate. I like to assess whether or not 
the deepest fibers of the circular muscle have been divided by- the aid of a large magnifying 
o-lass The median extrapleural sternotomy- incision gives direct and easy- access for per¬ 
formance of either the Heller myotomy or the more formidable procedure of excision of the 
acid secretinn- area of the stomach, together with the tortiious lower segment of the esopha¬ 
gus. 
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I believe there is a functional sphincter at the esophagogastric .iuncture. It never 
:o-quires the proportions of a tumor as in hypertrophic pyloric stenosis; I do not believe 
the sphincteric action is owing to any diaphrtigmatic attachment. IVhen one inserts his finger 
at operation through the esophagogastric juncture he can feel the constriction, just as when 
the finger is inserted through the pylorus. MaybCj some day, the anatomists wiU recognize the 
presence of a sphincter at the gastric inlet. 

In the discussion of this subject at the recent meeting of the American Surgical As¬ 
sociation, Dr. Evarts Graham stated that he had been performing myotomy operations on the 
rectosigmoidal area for megacolon. I am inclined to believe that mega-esophagus, congenital 
hypertrophic pyloric stenosis, and megacolon may be somewhat related entities. 

Finally, 1 want to say that I do not believe that diffuse esophageal spasm is mega¬ 
esophagus at all; the spastic proximal reaches of the esophagus are hypertonic and not 
atonic as in the usual esophageal ectasia. If a patient has had dysphagia for several years 
and there is no atony or ectasis, the patient does not have so-called cardiospasm or mega¬ 
esophagus. Understanding is beginning to come into the realm of the misunderstood esophag¬ 
eal dysphagias. Idiopathic stricture and spontaneous perforation of the esophagus are 
manifestations of acid-peptic disease, owing to reflux of gastric juice. Mega-esophagus is a 
functional disorder, probably owing to absence in the esophageal wall of nerve cells in the 
terminal plexuses of the parasympathetic nervous system. Xeither sympathectomv nor 
vagotomy have any place in the treatment of mega-esophagus. IVhen an attempt or two at 
effecting a bloodless myotomy by hydrostatic dilatation fails, operation is in order. And 
satisfactory operations are now available with which to treat the disorder, as well as to 
thwart the complication of esophagitis which has been the nemesis of many operative pro¬ 
cedures suggested for the relief of esophageal dystonia. 


DB. BICHAED H. Sweet, Boston. Mass.; I must say that I have enjoyed these two 
presentations and the discussion very much. The sum total of it all is that I am in a far 
greater state of confusion now than I was when I came here; I might add that that is con¬ 
siderable. 


In the first place. I have a very definite belief that it would be advantac^eous to us to 
abandon the term “cardiospasm." I personally have not observed cardiospa^ in anv of 
these cases, although perhaps the trouble is that I am not seeing tlie same tvpe of patient 
I do not find that the difficulty, the objective finding, at any rate, is at the cardi.a at all 
This has been very striking to me. To be sure, my own e.xperience is limited hav'ia- operated 
on only thirty-tno cases, but I have observed that the abnormal region i= not at the cardia 
but just proximal to it. This observation holds for all the cases I have actuallv ex^o d 
surgically through the thorax irith good exposure aud visualization of the lower end of ri 
esophagus. It is very striking that the lower end, sometimes for a distance of sever'd cef 
timeters, sometimes only one or two, is strikingly narrow; it is hardlv the sire eS ' - ^ 

esophagus at that point: its wall is thin. I cannot find that spluncter that Dr W * 

speaks about although I have looked for it, and I cannot find the hvpertrophv of 
that Dr. Kay described. It always looks to me like a small afroph,> sp,r/ A ^ f 
imal to that wc see the enormous dilated hypertrophied boggy tortuous esopla'us 
■With regard to the Auerbach’s plexus, in the sLv patients n h r 
a resection, and two others in whom a secondarv resection was dn^ carried out 

have searched for evidences of the ganglion cells and have found all, we 

not only in the small atrophic-looking distal segment but a}- 'lummshed or absent, 

ns we have gone. This finding lm.s been pointed ont before' bv oH ''sophagus 

dilatation has been similar to that of this marvelous series of H ni with 

point of surgical treatment, I thought I might rehearse'for i-n ' 

eases. There wore six primary resections. All had lOn uu, 7 «pcnence with thirtv-two 
on rovunv of the cases that there wcrT'tw; of/.v-^plrngia. But i find 

sonic hemorrhage. Of the twenty-six on whom I performed loT esophagitis; one had 
longitud.na incision and circumferential closure whi h T “«tiod 

,.,nsivo one as Dr. Mangenstcon pointed out, four shoived some si^'for^ mlp^ 
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lis; one of (lioso li:ul slifilit Jicnionliage, juid two had niapsivc Iiomorrhagc rcquiiiiig leopera- 
tioii and radii'al resection. Ho ive have .seen throe ca.se.s of Jieniorrhagc in tlic tiventy-six 
patient.s. 

I am not yet prepared to give this procedure up. I tliink if vc surgeons liad given up 
subtotal gastrectomy for duodenal ulcer in the earlj’ days of its use we would have come to 
regret it. There are certain other operations also which have gone tlirough a phase of e.xperi- 
mental development. I feel, therefore, that in the limited number of cases of mega-esophagus, 
idiopatliio dilatation, or whatever we chose to call it, where surgery may be required, that it is 
up to some of us to try to improve the technique. I think that one error I have made in the 
past has been to allow the stomach to rise above tlie diaphragm. I think we shoudl maintain 
the integrity of the diaphragm and keep the stomach down, because some of our eases have 

had gastritis as well as esophagitis. It seems to me, in conclusion, that the problem is not 

quite as easily solved as it would seem to be on superficial thought. 

DE. JOHH H. GABLOCK, New York.—We, too, have had our troubles with this con¬ 
dition, and I would like to report our experience with twenty-one patients who were operated 
upon. Our gastroenterologists have referred for surgery only those patients who had a mego- 
esopliagus with reduplication of tlie organ rather than the straight conical variety without 
elongation of the organ. Our experience, therefore, has been limited almost entirely to the 
complicated variety. 

(.Slide) As you will see, we have operated on twenty-one patients and have confined 

the operative procedure to two varieties; the Hej'rovsky-Finney or Griindahl operation was 

done on ten patients and the tianstltoiaeie lateral anastomosis was done on eleven patient.s. 
The results are indicated. There were two cases of bleeding in the first group and one in the 
second group secondary to a peptic esophagitis. It has been our e.xperience that the longer 
these patients are followed, the greater will be the incidence of esophagitis and subsequent 
hemorrhage, and that has been the diflicult problem so far as we are concerned. There is 
very little disturbance in tlie act of deglutition after an adequate anastomosis has been made, 
but the regurgitation of acid juices from the stomach, or whatever other factor causes that 
particular circumstance, the subsequent development of esophagitis and bleeding in an in¬ 
creasing number of cases is the important item in appraising the results of the various op¬ 
erations. 

I do not think that the problem is as simple as Dr. Wangensteen has indicated in his 
discussion. This opinion is based on our experience with a number of patients in whom the 
physiologic gastric studies were so bizarre as to make one wonder about the role of regurgi¬ 
tated gastric contents in the subsequent development of esophagitis. I would like to cite 
briefly two such cases. There was one patient who had in 1948 in another hospital a Heineke- 
Mikulicz cardioplasty by a combined abdominothoracic incision. He developed marked 
esophagitis and hemorrhages. He was operated upon again because the roentgenogram sug¬ 
gested strongly the presence of a duodenal ulcer. The esophagoscopy at that time was neg¬ 
ative. He had a high subtotal resection for a scarred area in the first portion of the du¬ 
odenum which was thought to be a healed ulcer. The severe hemorrhages continued. Esophag¬ 
oscopy then revealed that he had an extensive peptic esophagitis with ulceration. In 1949, 
a jejunostomy was done to put the esophagus at rest, and six months later a transthoracic 
lateral esophagogastrostomy was done. Since that time he has been perfectly well and, in 
spite of the fact that he had a lateral anastomosis with every reason for regurgitation of 
gastric juice, he has had complete healing of the esophagus. 

The second case I think is more important. This ivas a woman 42 years of age with a 
long-standing history of dysphagia due to cardiospasm. She had a transthoracic lateral 
anastomosis done in 1949. She developed bleeding, due apparently to peptic esophagitis. Tot, 
on complete workup, she has a complete achlorhydria. The problem, I think, will have to bo 
solved by methods other than those utilized at present, and I would like to cal] attention to 
the very stimulating article in a recent issue of Svrgcry, Gynecology and Obstetrics by 
Allison of Leeds, England, in which there is described a new approach to the anatomy and 
hvsiolUy of the cardia and the esophageal diaphragmatic opening. 1 think possibly the 
f '^ver will be a loc.al resection with an anastomosis, or a lateral anastomosis, with reiraplanta- 
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tion of the cardiopkreiiic ligtimenrs so as to restore the pinchcoek action of the nvo cnira 
tYhieh tvas so well hronsilit out hv Air. Allison in his article. 

It is a i-nrions nhserration that, in doinc resections of the esophaj^ for carcinoma, 
one is never IiotheixMl !.iv esophagitis or hemorrhage at a later date. Perhaps the vagal re¬ 
section done at operation is a factor and perhaps in the operation for cardiospasm, vagotomv 
should be an added mpjieuver. 


DE. E. K. JOHAsSOX. BrooklvTi. K. Y.—have seen a fetv children or infants tvith 
achalasia, or narrowing of the esophagus, at the pharvngo-esophageal junction. Perhaps the 
most interesting case was a voting girl of 12 years, who was seen because of difficulty in swal¬ 
lowing. A tonsElectomy had been performed when she was 3 years old. after which she re¬ 
fused to take anything but Equids. 

(Slide) This shows the pharynx outline.! by barium which failed to enter the esophagus. 
She refuse.! to take any more. 

I Slide) The lateral view, at the pharyngo-esophageal junction, shows the narrowing. 
fSEdei The postoperative esophagram reveals good filling. Esing a cervical approach 
the narrowed part of the esophagus was locate.! lYe found a thickened muscular band which 
had completely constricted the esophagus. Esing a modified HeUer procedure, the band was 
divided on the left side an.i a large catheter was passed without diScnlty by the anesthetist, 
( Slide. The .iiagram shows the site of the constricting band. 

1 Slide ■ We thought the band might be fibrous, but it was eniirelv musenlnr 
Her postoperative course has been very smooth and she eats her meals in normal fashion 
and has gained considerable weight. I thought this case was so similar to congenital hvper- 
trophie pyloric stenosis an.i cardiospasm that it may prove of some interest here. ’ ^ 


PE. M. E. PE B.AEEY. Houston. Texas.—About ten or eleven vears a^-o Pr Ochsner 
an.i I reviewed this subjecA with particular reference to its surgical consider^'tion*' Amono 
the various terms employe-i for the disease we preferrcl the term achalasia l^ecause we were 
incline.1 towar.l the patfaogeuic concept implie.1 by it. It ntts 

the multifarious d^ignations for the di^ntse. as well as the various types of therapeutic nro- 
ce.iures a.ivocat.*.! for its treatment. reSec-te.. the state of confusion in our unders^din-of 
the .Insease. Alter listening to the discussions today I feel like Pr. .Sweet, that this stat: 
confusion hns not materially clianse'l. ’ ^ te ot 

Critical eTaluation of results of anv oueratiou *- 

portant. At the time of our review and evaluation of the various orocli^ highly im- 

are virtually the same as those presented to.3ay with the exception of -1^^ P^opc'S^i.. which 
ce-iure suggested by Pr. AYangensteen, we were impressed tvith the fac‘ Pro- 

were enthusmsncaUy reporte.1 to provide e-x.-eUent remits TliL - ^ 

so-calle.1 Heller operation which has again l^e-m enthusia^ticallv advw^'^Sr'T^”'-'^^ 
that this operation was propose.! by Goitsteia approxim-telv fifrr ^ f"' 

aban.loned and revive.! from time to time. strAes me as si-niScan‘ surgeons, and 

the historical development of an o^Kuative proce-iure usnallv refie,‘i in 

ultimate results as well as with its rationale. For these retlsoacl^ 'iissiasiaction with its 
the current revival of this operative pro.:c.!ure to prowde addi-.-e^ 1 r in 

The Questton which nee.! to i»e answered is whvL it a ^ i^tionale. 

T...0 etiology of the disease remains nmCm ^ 

,ip,-.dc little has been added to our knowle-iep „£ the ‘he Past 

planatu.n of its pathogenesis. ThU is proldblv the mai-. P^^'^e an adequate ex¬ 
in .a-hi.-ving an entirely satisfactory oncrativ^ pro-^edu'e''O"" ei^eonntered 


..T,- ■ ..i.i; siigut mo.iifioatinas to 1 ^ ♦> to con- 

point tl.at Pr. swe-n has ma.le with regard to placement of'*h ^ the 

.'r\:ivc treatment. 


in our Im-.lc >. of 

„ . ..oo f " i “■ccurre.I rather 


Lr.L-urr'e^l mthp- 
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Iho fiiiiil point I woulil innkc is that, so far as etiology is coneeriipd, I have serious 
doubt tliat tliis condition is related to liypertropliic iiyloric stenosis or to niega-esophagus. 
This, too, is an idea wliich has been revived and abandoned from time to time, and to revive 
it again requires additional facts to support it. 

B. CEANDELL, AVhite Eiver Junction, Vermont.—About a year ago there ap¬ 
peared in tlie British Medical Journal an article by a gi’oup from Budapest on the effect of 
100 c.c. of 1 per cent oral procaine on relaxing the pylorus and pylorospasm either primary 
or secondary to other organic disease. This was studied by roentgenogram and fluoroscopy 
with barium techniques and found quite successful in bringing about relaxation in a good 
percentage of nearly 1,500 cases that were studied. In July of last year we began a similar 
study and found it helpful in preparing patients who had pylorospasm associated with pyloric 
obstruction for operation. It was not helpful in those peojfle who had organic stricture or 
carcinoma. 

About two months ago wc became interested in using it in esophageal disease and in 
cases with symptoms associated with hiatus hernia or duodenal ulcer. Wc did have recently 
one case with cardiospasm, and I would like to describe our c.xperience with that. This was 
a 28-year-old man who was admitted with an eight months’ history of intermittent vomiting 
after meals. He had had daily vomiting for two months prior to admission. He had epi¬ 
gastric and substernal pressure and obtained relief after vomiting. There was no relief from 
antacids, and he had lost 30 pounds during this period. Eoontgenograms revealed cardio¬ 
spasm. 

(Slide) Esophagoscopy did not show any ulceration or marked esophagitis. There was 
slight but not much relief with belladonna and amphogel. A few days after admission he 
was started on oral pr'ocaino, 100 c.c. of 1 per cent solution a half hour before nreals three 
times a day. At rroon the first day he took his first second helping in several months. Two 
days later he had noticed marked irtrprovement and was esserrtiallj' asy’nrptomatic. Ho gairted 
some seven pounds in ten days. Wo tried to get some objective measurement of the effect 
of the oral procaine by having hinr fluoroscoped and x-rayed, using a stopwatch. The roerrt- 
genogram orr the left shows what was fouttd four nrirrutes srftcr a birrium meal. The radi¬ 
ologist tells us that the level is at the level of the pulmonary artery'. He was allowed to clear 
his esophagus arrd then was given 100 c.c. of 1 per cent pr-ocairro, followed in fifteen minutes 
by another swallow of barium which the radiologist tells us, five seconds later, is already' down 
to this poirrt, just above the diaphragm. Four mirrutes afterward, however, there was still 
some barium irr the lower errd of the esophagus. 

Our experierree with these few cases leads us to thirrk that oral procairte might be use¬ 
ful in corrjurrctiori with arrtacid treatment for spasm of the lower end of the esophagus as¬ 
sociated with ulcer, tumor, or cardiospasm in pr-eparirrg patients for operation, particularly 
those who are inabiourished. 


DE. ARTHUR M. OLSEN, Rochester, Minn, (closing).—I should like to thank the dis¬ 
cussers for their kind remarks and constructive criticism. In view of the fact that many 
papers concerning surgical management of cardiosi)asm have been published recently', we be¬ 
lieved that attention should be called to the fact that the majority of patients can be treated 
satisfactorily by forceful dilatation of the eardia. As Dr. Tuttle* has emphasized, dilatations 
must be performed expertly'. It is our opinion that anyone who is proficient in the techniques 
of bronchoscopy and esophagoscopy also should be capable of treating esoi)hageaI obstruction 
by the method of dilatation. Surely dilatation therapy should be tried in practically every 
case before operative intervention. 

Dr. Sweet is certainly right when he states that the actual obstruction is located above 
the eardia in the lowermost segment of the esophagus. The term"cardiospasm ” does not 
accurately describe the condition, but it has been used for so long that we find it difficult to 
change the terminology. There docs appear to be a physiologic sphincter in the lower part of 
the e°opha''us which docs not open readily. Although the word "achalasia” may come closer 
to describing the nature of the disea.se, it seems likely that "cardiospasm” will persist in 
medical literature for some time to come. 

^r. Tiittle-s discussion was not returned.—Rditor. 
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P UL3IONART resection lias been accepted as an indispensable adjunct in 
the treatment of an increasing number of cases of pulmonarv tuberculosis. 
It is extremelv important therefore, to determine hou* the complications and 
unfavorable sequellae of this type of surgeiy may best be prevented and man¬ 
aged. Because of the unpredictable behavior of the disease, resections for 
tubei’culosis have mvolved greater hazards than those for most other t;i-pes 
of bronchopulmonary pathology. Specific complications include postoperative 
spreads, reactivation or progression of pre-existing lesions in nonresecied lung, 
tuberculous bronchitis and ulceration in the stump of an amputated bronchus, 
and tuberculous empyema. Bronchopleural fistula is a. greater hazard not only 
because tuberculous involvement of the bronchus may interfere ■with healing 
and predispose to perforation or rupture of the bronchial stump, but also be¬ 
cause tuberculous foci may be traversed in dimding incomplete fissures or in 
separating the segments of a lobe. Antibiotics have markedly reduced, but 
have not eliminated, these complications of pulmonary resection for tubercu¬ 
losis. 

In all pulmonary resections it is important to presei-ve as much respira¬ 
tor- function as possible. 'When a lung, or part of a lung, has been removed 
the remaining lung tissue becomes distended or emphysematous, as its volume 
is increased to fill the relatively fixed volume of the thoracic cavity. Over- 
ilistended lungs are considered to function rvith impaired emcieney. It is also 
believed that residual tuberculous foci are more likely to manifest reactiva¬ 
tion or progression as over distent ion develops. Following pneumonectomv. 
space-filling substances (air. oil. plastic spheres, plastic sponge, etc.-) have been 
introduced into the pleural cavity to prevent such overdistention, and also to 
prevent excessive mediastinal displacement and the cardio-circulatory embar¬ 
rassment which may result. But the use of space-filling materials in the pleural 
camty follou-ing resection of only part of a lung does not seem practicable 
nor can it be e.xpected to affect the incidence or manaeement of fistula and 
empyema follou-ing any lung resection except, possibly, in an unfavorable 
nianner. 


3Vhen only a lower lobe or basal segments of a lower lobe are resected 
space-filling does not present a.s great a problem. The hemidiaphramn tends 
to nse and obliterate the space. .Vnd this can be promoted readilv when neces 
sa 2 )^y a phrenic nerve interrui.lion. l,y pneumoperitoneum m- both 
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Many surgeons believe that a thoi‘acoplast 3 '- should he iierformecl routinely 
two or more weeks following most resections, particularly following removal 
of a tuberculous upper lobe or lung. The thoracoplasty, thus performed, tends 
to relieve lung distention and permits the mediastinum, to return to a more 
normal position. It probablj'- decreases the incidence of postoperative spread 
and exacerbation. Undoubtedly it helps to prevent the late development of 
bronchopleural fistula and empjmma and aids in the control of these serious 
complications when they occur. 

Some surgeons recommend that thoracoplasty be performed in advance of 
a contemplated resection. A few advocate jierformance of resection and 
thoracoplasty at the same operation. Whether performed earlier, con¬ 
comitantly, or later, the thoracoplasty at present seems to offer the best solu¬ 
tion to some of the problems connected Avith resection of a lung, or of an upper 
portion of a lung, particularlj" in patients Avith pulmonaiy tuberculosis. 
Granted the desirabilitj^ of thoracoplasty for these patients, the authors pro¬ 
pose to explore the adAmntages of the combined operation as borne out ly 
their oaaui experiences and those reported by others. 

In Maj', 1948, Ave resected the left lung of a 39-.year-old Avoman Avho had 
had a prcAdous left thoracoplasty. BelicAung that the thoracoplasty should be 
extended, Ave decided to remove segments of three more ribs after the lung 
had been removed and before completion of the operation. Resection of these 
additional rib segments Avas Avell tolerated. This experience suggested to us 
that patients undergoing u])per lobe lobectom.y could properl 3 '' have a partial 
thoracoplast3^ performed at the same time, Avithout appreciabty increasing the 
hazards of the surgeiy. When Ave next resected a tuberculous left upper lobe 
(July, • 1948), Ave performed a five-rib thoracoplasty immediatety. The ad¬ 
ditional surgeiy did not affect the patient adverseli^ and the postoperatiAm 
course Avas remarkably smooth. 

We noAV plan most resections AA'ith the idea of a combined procedure in 
mind. Our resections are folloAved immediate^'’ b 3 ^ partial thoracoplasty Ai’^hen 
the adAdsabilit3^ or need for thoracoplasty seems CA-ident and Avhen the pa¬ 
tient’s condition permits. We are conAunced that definite advantages accrue. 

The first combined pneumonectom 3 '' and thoracoplasty of Avhieh Ave haA^e 
knoAvledge Avas the historic resection for carcinoma of the lung performed b3^ 
Evarts Graham in 1933. At the time of pneumoneetoni 3 ^ ilbs three to ten Avere 
resected and later the first Iavo ribs Ai^ere removed in ordei- to collapse a small 
emp 3 mma caA’ity. The empyema Avould doubtless haA^e been a much more 
serious complication if the pleural dead space had not been largety obliterated 
at the time of the original operation. Dia Graham performed thoi'acoplast 3 ' 
at the time of pneumonectom3' in his next five or six cases, after Avliieh he 
discontinued this practice as a routine. IIoAvever, he and Di-. Bui-ford still 
frequentty perform thoracoplasty in conjunction Avith pneumoneetom3^ for 
tuberculosis in order to diminish the possibility of tuberculous emp3-ema." 

The first publication devoted to the .subject of combined resection and 
thoracoplasty Avas that of Iverson, Roland, and Skinner,^ who recorded three 
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Manj^ surgeons believe that a thoracoplasty should be performed routinely 
two or more weeks following most resections, particularly following removal 
of a tuberculous upper lobe or lung. The thoracoplasty, thus performed, tends 
to relieve lung distention and permits the mediastinum- to return to a more 
normal position. It probably decreases the incidence of postoperative spread 
and exacerbation. Undoubtedly it helps to prevent the late development of 
bronchopleural fistula and empyema and aids in the control of these serious 
complications when the 3 '' occur. 

Some surgeons recommend that thoracoplast.v be performed in advance of 
a contemplated resection. A few advocate performance of resection and 
thoracoplasty at the same operation. ’Whether performed earlier, con¬ 
comitantly, or later, the thoracoplasty at present seems to offer the best solu¬ 
tion to some of the problems connected with resection of a lung, or of an upper 
portion of a lung, particularly in patients with pulmonaiy tuberculosis. 
Granted the desirability of thoracoplasty for these patients, the authors pro¬ 
pose to explore the advantages of the combined operation as borne out by 
their own experiences and those reported bj-^ others. 

In Maj% 1948, we i*eseeted the left lung of a 39-.year-old woman who had 
had a previous left thoracoplasty. Believing that the thoracoplasty should be 
extended, we decided to remove segments of three more ribs after the lung 
had been removed and before completion of the operation. Resection of these 
additional rib segments was well tolerated. This experience suggested to us 
that patients undergoing ujiper lobe lobectomj" could properly' have a partial 
thoracoplasty' performed at the same time, without appreciably' increasing the 
hazards of the surgery'. 'When we next resected a tuberculous left upper lobe 
(July,. 1948), we performed a five-rib thoracoplasty immediately'. The ad¬ 
ditional surgeiy did not affect the patient adversely' and the postoperative 
course was remarkably' smooth. 

AVe now plan most resections with the idea of a combined procedure in 
mind. Our resections are followed immediately' ly partial thoracoplasty when 
the advisability or need for thoracoplasty seems evident and when the pa¬ 
tient’s condition permits. AVe are convinced that definite advantages accrue. 

The first combined pneumonectomy' and thoracoplasty of which we have 
knowledge was the historic resection for carcinoma of the lung performed by' 
Evarts Graham in 1933. At the time of pneumonectomy ribs three to ten Avere 
resected and later the first tAvo ribs AA'ere removed in ordei' to collapse a small 
empy'ema cavity'. The empy'ema Avould doubtless have been a much more 
serious complication if the pleural dead sjjace had not been largel.v oblitei-ated 
at the time of the original operation. Dr. Graham perfoi’iiied thoi-acoiilasty' 
at the time of pneumonectomy' in his next five or six cases, after Avhich he 
discontinued this practice as a routine. IIoAveA'cr, he and Dr. Bui-ford still 
frequently perform thoracoplasty in conjunction Avith pneumonectomy' for 
tuberculosis in order to diminish the possibility of tuberculous emp.vema." 

The first publication dcA-oted to the suRiect of combined I'cseetion and 
thoracoplasty Avas that of Iverson, Roland, and Skinner,-* Avho recorded three 
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Iverson and Skinner had been impressed by the relatively benign post¬ 
operative course folloiving pnlmonaiy resection when a thoracoplasty had 
previously been performed, despite the increased technical difficulties of post¬ 
thoracoplasty resection. They had also been disturbed by the fact that some 
patients would refuse a recommended thoracoplasty while convalescing from a 
pneumonectomy. In the light of their eximriences with the combined opera¬ 
tion they concluded that combining thoracoplasty with pneumonectomy is 
advantageoTis when OAmrdistention of the contralateral lung is loartieularly un¬ 
desirable, as in the presence of emphysema, and Avhen postoperatwe pleural 
complications are anticipated. They emphasized the points that Avhen thoraco¬ 
plasty has been performed Avith pneumonectomy the danger of postoperative 
fistula and empyema is decreased, and the treatment of these complications is 
easier if they occur. They also concluded that the combined procedure re¬ 
sulted in less disturbance in respiratory physiology than one is likely to en¬ 
counter folloAving pneumonectomy alone. This they attributed to the Aveight 
of the scapula, combined Avith nse of a pressure dressing over the decostalized 
area, rendering the mediastinum relattyely stable and the cough mechanism 
more effeetiA^e. Weight Avas added to their arguments for performing tho¬ 
racoplasty at the time of pneumonectomy, rather than later, by quoting from 
Minor”: “When a thoracoplasty'' is performed OAmr a closed pleural space 
containing air, or fluid, or both, a rapid increase in intrapleural pressure re¬ 
sults. Highly posittye pressure upon the heart and mediastinum produces a 
form of shock Avhich maj^ be rapidly fatal.” They also quoted Bailey’: 
“Since tAvo of the flA'e deaths Avere subsequent to eleettye thoracoplasties per¬ 
formed merely to obliterate the pleural space, it can Avell be imagined that Ave 
are on the lookout for a method of avoiding this secondary operation.” 

Our material and technique haA'e differed from those of Iverson and Skin¬ 
ner. In the flrst place, Avhile tiles'- used the combined procedure only Avhere 
total pneumonectomy Avas performed, Ave liaA'e used it more often Ai'itli upper 
lung resections than Avith pneumonectomy. The aboA'e authoi's routinelj' left 
the first rib (or the first and second ribs) intact, as adA'ocated by Overholt 
in postresection thoracoplasties. IIoAVCA'cr, Ave haA'e preferred to remove the 
uppermost ribs, belieA'ing that this helps to obliterate the pleural dead space 
more rapidly and preA’ents significant displacement of the trachea and superior 
mediastinum (Figs. 1 and 2). Werson and Skinner haA'e routinelj' drained 
the pleural space in patients Avho haAm had combined pneumonectomy and 
thoracoplasty, but Ave haA'e not done so. There seems to be more rationale for 
drainage folloAving the combined operation than after pneumonectomy alone, 
since the thoracoplasty, supported by a pressure dressing, Avill prevent ex- 
cessiA'e mediastinal shift, and drainage Ai'ill promote obliteration of the pleural 
caA'ity. We routinely use one or tAvo drainage tubes Avhen lobectomy or seg¬ 
mental resection has been combined Avith thoracoplasty. 

A paper on upper lobe lobectomy and concomitant thoracoplasty, bj' Sam¬ 
son, Dugan, and Harper, Avas published in December, HlnO.” The authors re- 
poid seA-enteen such operations Avith one death and no postoperative eomjflica- 
tions They also report nine pneumonectomies and concomitant thoraeo))Iastics 
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with 110 coinplioatioiis or iloatlis. ^Vhile our teeliuiiiuo (lifters soineivliat from 
theii-s. our operative material and results liave I'eeu similar and we seem to be 
iu complete agreement as to the advantages of the combined procedure. The 
usual indications for i-esection were present in most of the patients who had 
concomitant thoracoplasty and resection in our series, though some of the re¬ 
sections may he considered "elective." in that other surgeons might have 
recommended thoracoplasty alone. 
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standard methods of pre- and postoperative management were used Th, 
teiholt lace-dotvn po.sition was employed in onlv one operation Th 
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to i,e removed. ' the portion of the Jnnjr 


276 


THE JOURNAL OF THORACIC SURGERY 


Our revised technique involves the removal of a short posterior segiiieiit 
of the fourth rili, the ]ileural cavity being; entered through its pei'iosteal bed. 
The incision is extended along tlie fourth intercostal s])ace, after dividing the 
fourth intercostal neurovascular hundic between suture ligatures. The fifth 
rib and interspace are used when a five rib thoracoplasty is contemplated. 
The exposure thus obtained is generall}’’ adequate for any type of resection. 
It can be increased by resecting at once that portion of the third (or fourth) 
rib, usually its posterior third, which would be resected for the proposed 
thoracoplasty. The trapezius and I'honiboid muscles are divided either to a 
limited extent, or not at all. 



A. B. 

Fig. 3.—C. H., A, Patient has had left artificial pneumothorax, pleural exudate, and 
obliterative pleuritis. Sputum, positive. B, Eighteen months following resection of contracted 
loft upper lobe, decortication of left lower lobe, and concomitant thoracoplasty. Patient 
clinically and subjectively well for the first time in ten years. Sputum, negative. 


After the significantly involved lung segments have been resected, ad¬ 
hesions to the remainder of the lung are separated and decortication is per¬ 
formed if indicated (Figs. 3, 6, and 10). The patient’s condition is then evalu¬ 
ated and it has almost always seemed safe and proper to complete the thoraco¬ 
plasty by resecting portions of the ribs remaining above, including the first 
two ribs forward to, or almost to, the cartilages. 

With the pleural cavity open, following the pulmonary resection, we feel 
that we can determine more accurately how much of each rib should be re¬ 
moved in order to achieve the de.sired amount of chest wall collapse. The 
extent of the thoracoplasty can be adapted to the remaining portion of the 
Inn" without eollap.sing conserved lung unle.ss one specifically wishes to do so 
because of residual tuberculous foci. We wi.sh to emphasize that the open 



COXKUX ET AL.; 


THORACOPEASTV AXD RESECTIOX 


277 


thorax provides adequate exposure for completion of the upper phase 
thoracoplastv through an incision that does not involve extensive division of 
the interscapiilar shoulder muscles. The posterior rib stumps are piirposely 
left loim. The transverse processes and erector spiiiae muscles are not c is- 
tiirbed." This modified type of thoracoplasty seems to provide the desired 
amount of collapse vith minimal postoperative scoliosis, chest deformity and 
impairment in function of the shoulder gii die. 



Fig, 4.—E. U., A, Admission roentgenograph. B, Body section radiograms showing a 
tuberculous granuloma with central necrosis in the right upper lobe (11 cm. cut) and a con¬ 
tracted superior segment of the right lower lobe with cavities (4 cm. cut). C. Following 
bilateral artificial pneumothorax and antibiotic therapy resection of the superior segmient of 
the right loNver lobe and of the “tuberculoma’' in the right upper lobe (local resection) has 
been performed. . Remainder of the lung at surgery showed no residual gross involvement 
and. when expanded, its volume was such as to make thoracoplastv appear unnecessarv. 
Left pneumothorax has been maintained and sputum is negative. Resection of “tuberculoma" 
in left lung may be advisable. 


In one of oiiv patients ivho had mixed infection empyema, bronchopleural 
fistula and tuiievculous livoiichiectasis, eight ribs were removed at the time 
of total pleureetomy and imeunionectomy. Ordinarily, however, a four or 
five rib thoracopla.sty is iierfonned and. if additional collapse is deemed ad¬ 
visable. a second stage lower phase thoracoplasty i.s carried out two or three 
weeks later. 


cmxiCAL. material 


e have not chosen patients for concomitant resection-thoracoplastv bv 
any fixed protocol, rsually the preoperative plan, tentativelv iTconimended 
at stall eonl'ereiu-e. has i con carried out with.mt alteration. In some patients 
thoraco,.lasty is eonsidere.i unm-ce.ssary because the nonre.seeted vnviion r.f 
the lung (ills the pleural cavity sufficiently to obviate excessive overdisten- 
tion and mediastmai displacement. This is often true following vesectioi of 
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a markcdlv coxitraete.l loho or folloxvjiijr segmental ami local resections, as for 
•‘tnbevcnloma” (Fig. 4). The comlmied in-oeeanrc may sometimes he chosen 
at the time of surgery, heeanse expansion of the remainder of the lung is 
poorer than anticipated (Fig. 10) or beeaii.se it is felt that thoraeoplast.v pro- 
%'ides greater protection for tnhercnlons lesions uhieh are grossly evident, 
but not resected. In a feu patients ue have contemplated the combined pro¬ 
cedure. Irat postponed the thoraeoplasty heeanse, follou-ing resection, the 
patient’s condition did not uarrant the additional operative tranma and blood 
loss. 

TTe have performed thirty-eight combined resection-thoracoplasties be- 
tueen Hay. 1948. and April. 1951. There -were tuenty-eight women and ten 
men. all white, ages ranging from fifteen years to fifty-seven years. Most 
of the patients had far-advaneed bilateral disease and had had one or more 
premons hospitalizations for tuberculosis. About two-thirds had had previous 
collapse therapy. One patient in the lobectomy group and two in the pneu¬ 
monectomy group had had a previous apical thoraeoplasty which was extended 
at the time of resection. One patient, listed with the upper lobe resections, 
had preA'iously had the homolateral middle and lower lobes removed. 

Of the thirty-eight patients, six were subfeeted to pnenmonectoniy. In 
twenty-nine an upper lobe was removed and in twelve segmental resection was 
performed alone or in conjunction with loheetomy. 


coMPUc.vnoxs 

The complications are listed in Table II. 

Bronchopleural fistula occurred tunce. In the firet of these the fistula 
became apparent on the thirteenth po.stopei-ative da.v. This was controlled hv 

t.vbiv I 


--—__ . i xo. OF TATIE.VTS 

Tpper loUe on]r ' --- 

TTpper lobe, superior sejnnent of lov.or lobe <; 

Same, plus right midiile lobe ) 

Uiclit upper anil right niiiblle lobes o 

.Sc^raent of upper, only 7> 

.Superior sefrnietu of lower, only (Fisr. in') j 

•'O 

Piietimoueetoniy {left. .1: rislit. 1> '’g 

---—_ 3S 


T.ua.E II. FosTOi"Er,.\TjvE Cojipeic.vtio.ns 


Bronehopleural fistula 
Early contralateral spread 
Atelectasis 

Kecurreat nerve pulsv 
Pulmonary eiieina. arebvi.asi-. 


lobectomy ! 


1 

1 

ridit heart failure i (.lie.!) 


PXErMOXECTO.MY 


1 


1 
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introduction of an intercostal tube Avliich Avas left in jilace for fiA-e daj^s. Clin¬ 
ically there had ):ecn no eAudence of empyema and the patient’s eom-alescence 
was otherAAUse uncA^entful (Fig. 5). 

The second bronchojiloural fistula occui-red in a recent case and this Avas 
further complicated by an empyema. The combined operation iin-olA'ed re¬ 
section of the apical segment of the right upper lobe and segments of only 
the first three ribs, a slight departure from our usual technique. Since the 
original surgery, decortication for the empyema and resection of tAvo more 
ribs has been performed in tAvo stages. The patient is uoav conA’alescing 
satisfactoi’ily. 


Fig-. 5.-—E. F., Aj Contracted upper lobe containing: thick-walled cavity. Bj Following re¬ 
section of right upper lobe and concomitant thoracoplasty. Contralateral disease now ap¬ 
pears stable. Sputum, negative. 

One patient had an eaidy postoperathm spread, or exacerbation, in the 
contralateral upper lobe Avhere pre-existing tuberculous lesions had been con¬ 
sidered stable. This complication responded promptly to antibiotic therapy 
and the patient is clinicallj^ Avell more than one year folloAving her discharge 
from the hospital. One patient had a temporary atelectasis folloAving surgery 
Avhich responded to aspiration of the tracheobronchial tree Avith no further 
difficulties. In a patient subjected to total pleureetomy and pneumonectomy 
for chi’onic mixed infection empj’-ema A\dth bronchopleural fistula and tuber¬ 
culous bronchiectasis, present for many years, the left recurrent laryngeal 
neiwe inadA-ertently Avas injured or scA-ered. Left recurrent laryngeal neiwe 
palsy has persisted. 




CONKLIN ET AL.: TI-IOBACOPLAETE AND RESECTION -SI 

The CIO Ileirtl. occiivcd m A 3C,.yc«-„ul ivWic “''"S 

d',), IV), c„ l,c developed »bdo,»i,.:.l distctic. »d l>™Y“5't'dl"rwX”o 
dyspnea. These did not respond to tile Osnal niauagement “ 

hours later An autopsy revealed “acute massive edema of the left hiiig, 
bilateral pnlmonary tnberenlosis, purnlent 

the right lower lobe, dilatation of the right heart and paralytic ileus. t is 
believed that this death might have been avoided had his airway been cleaiec 
and his ileus treated more promptly. 


Fig. f».—L. C., A, Prolongea bilalcra} artiftcia] pneumothorax has been compUcaled by 
tuberculous exutlate on both s'nlcs. Sputum, po.sitive, B, Following resection of apical- 
posterior seganent of left upper lobe, ilccortication of the remaintter of the lung, anti con¬ 
comitant four-rib thoracoplasty. 


RESULTS 

The thirty-eight cases presented are too few for stati.stical analysis or for 
comparison with a series of similar cases subjected to resection alone or to 
resection with previous or subsequent thoracoplasty. The follow-up has not 
been long enough to draw conchi.sions about the long-term re.sults. However, 
one can obtain an idea of the early postoperative morbidity from the data 
at hand. 

There is only one patient who has a positive sputum and this is attributed 
to pre-existing contralateral disease. She is not hospitalized at present, hut 
we consider her a candidate for eoncoinitant right decortication, segmental 
resection and thoracoplasty, corresponding to the operation which .she had 
performed two years ago on the left (Pig. 6). One patient is dead (see above) 
if one were to include the nine who are .still hospitalized (and in all of them 
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introduction of an intevcostal tube which was left in place for five days. Clin¬ 
ically there had been no evidence of enipyonia and the patient’.s convalescence 
was otherwise uneventful (Pig. 5). 

The second bronehojileural fistula occuri'cd in a recent case and this was 
further comiilicated bj'' an enipyenia. The combined operation involved re¬ 
section of the apical segment of the right upper lobe and segments of only 
the first three ribs, a slight departure from our usual technique. Since the 
original surgery, decortication foi- the empyema and resection of two more 
ribs has been performed in two stages. The patient is now convalescing 
satisfactorily. 






Fig 5 .—e;. P., a, Contracted upper lobe containing thick-walled cavity. Bj Following re¬ 
section of right upper lobe and concomitant thoracoplasty. Contralateral disease now ap¬ 
pears stable. Sputum, negative. 

One patient had an early postoperative spread, or exacerbation, in the 
contralateral upper lobe where pre-existing tuberculous lesions had been con¬ 
sidered stable. This complication responded pronpitly to antibiotic therapy 
and the patient is clinically well more than one year following her discharge 
from the hospital. One patient had a temporary atelectasis following surgery 
which responded to aspiration of the tracheobronchial tree with no further 
difficulties. In a patient subjected to total iileurectomj’' and pneumonectomy 
for chronic mixed infection empjmma with bronchopleural fistula and tuber¬ 
culous bronchiectasis, present for many years, the left reenrrent laryngeal 
nerve inadvertently was injured or severed. Left recurrent laiyngcal nerve 
patsy has persisted. 




COXKUX ET AL.: TUOBACOPEASTY AND RESECTION 

1 In tv ^voula hilve hail to he coiisiaerably more extensive tlian 

utary thoracoplas > ^ generally have involved tvo or 

Wc ».■ .V 0 ,.!,™,. ,1,», «, -n,.!, ms.».u-« .1.0 CO.,.- 




p' 


Fijr. ..—11 11.. .A. Adiiiission ru«*ntK»-'nogmi>li. Since nriniirv *i 

right .lid not convert sputum a left arUficial pneumothorax %vas in.Uici^I SnuVum 
jKJsitiYo. C. Tuberculous bronchiectasis ilemonslrated in rieht unner inhf. F-i* ' ? 

D, Sputum converted following resection of right upper lobef bronchography. 

Coininoif; Recent experiences suggest that this natienr -vv-rMOri i ^ 

crewed morbidity and far greater conservation of" function had'^Vn^bfniri^*^ markedly de- 
eoplasty. .upponej by antibiotic therapy, been available ?o 
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Table III. Eesults 



ATilVE 

SPUTUM 

NEG. 

AUVE 

SPUTUM 

POS. 

t STILL 1 

i IN 1 

1 HOSPITAL ; 

DEAD 

Lobeotomj- 

30 

1 

6 

1 

Pneumonectomy 

6 

- 

3 



36 

1 

9 

1 


Follow-up: More than two 3 'ears 8 

Between one and two j’cars - 10 

Less than one year 19 

Dead 1 

38 


the prognosis is considered good) we find that thirty-six or 95 per cent have 
negative sputum and are candidates for permanent arrest of their disease. 

We are impressed that these results, admitted!tentative, compare favor¬ 
ably with the earl 3 ^ results of thoracoplastj' alone or with those for any other 
tj'pe of therapy for tuberculosis. In evaluating this statement it should be 
remembered that most of the patients in this series had previouslj'' been sub¬ 
jected to other types of therapj”^ without success and that most of them had 
a type of lesion for which resection is considered mandatory. Since thoraco¬ 
plasty is considered advisable as an adjunct to resection for pulmonaiy tuber¬ 
culosis, and since it does not appear to increase the hazard when, in selected 
cases, it is performed at the same time rather than separately, there seems 
to be ample justification for the combined operation. 

DISCUSSION 

We do not attempt, in this paper, to discuss the indications for pulmonary 
resection in tuberculosis. It is iiertinent, however, that the authors tiy to 
avoid sacrificing an entire lung simpty because the tuberculous pathologj' is 
found, at operation, to be more widespread than antictyated from preoperative 
roentgenographic interpretations. We prefer to abandon a resection in favor 
of some other tjqie of therapj' if, at tlioracotomj^, we find that a more extensive 
resection than was considered to be avcII within the patient’s tolerance ivould 
be necessary. In general, avc tiy to limit the resection to those portions of a 
lung that are completelj' destroj-ed or that contain a type of lesion notoriouslj^ 
resistant to medical and collapse therapj^. It is our impression that remain¬ 
ing lesions in the same and contralateral lung ivill actualty respond better 
to rest and antibiotics after the major pathology, such as caseating lesions and 
bronchiectasis, has been removed. This is perhaps especially true ivlien con¬ 
comitant thoracoplasty proA'cnts distention of the remainder of the lung 
(Fig. 5). 

It maj' be argued that in several instances where Ave liaAm performed a 
combined resection-thoracopIa.st.v it AAmuld have been preferable to perform 
the thoracoplasty first. It is possible that in some of these the thoracoplasty 
alone Avould have served to control the disease, but preoperative studies al- 
made us think that such a result Avas quite unlikely. Certainly a pri- 


Avays 




c. 


V 


Fi^. 7.—K. l‘>.. .1, voenlptnoKruph, K, Since priinury Uioracoplusty on llie 

light iliil not convert sputum, iv left artificial pneumothorax was in»Uice«l. Sputum, still 
positive. C, Tuberculous bronchiectasis ilemonstrateil in right upper lobe by bronchographv 
/), Sputum converted following resection of right upper lobe. 

Conun ent: Recent experiences suggest that this patient would have had marked!v de¬ 
creased morbidity and far greater conservation of function had combined resection-thora- 
cojdasty, supported by antibiotic therapy, been available to him. Compare with Fig 5 
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billed operation lias left the patient iv'itli more respiratoiy reserve, more 
shoulder function and less deformity than a standard thoracoplasty would 
have entailed/' We also are inclined to believe that the combined operation 
might have decreased the morbidity and eliminated the need for extensive bi- 

A. B. 






C. 


D. 


vj,, c_y., A, Atlniisxioii roenlirenojjraph. U, )5oily section ratliogrmii showing con- 

■ ^ lobo. bronchiectasis, stenosis of rifirht upper lobe bronchus. C, FollowinR- re¬ 

lobe. Postoperative spreatl l<» left upper lolx'. j). boliowinj? left 


tracted upper 
section of ri|?ht upper 
extrapleural pneuiuothorax. 


iml co-authors' state: "While facilities arc lackins- to substantiate this he- 
or? impression tliat there is less reduction in tlic vital capadty following 


!ifhect^l--thor‘a?opIa?ty’n\'?l?‘^^^^ a thoracoplasty which rvouhl have 
the disease.” 


been sufficient to control 





G. 

S,_ K, Spvitunu still positive. Hotly section radiogi*nin shows small residual Ciivity 

vmdev extrapleural pneumothorax. F. Following left thoracoplasty. G. Oblique body section 
radiogram shows cavity in superior division of right lower lobe. H, Over lliree ye«ar.s following 
right thoracoplasty. Patient has arrested tuberculosis. 

Connuod: It is believed that this patient’s tuberculosis u\ight well have been promptlv 
controlled today, by combined resection-thoracoplasty and antibiotic therapy without having 
to be subjecte<l to the extensive collapse proceilures illustrated. Xote the overdistention of 
the right lower lobe following lobectomy, only partially relieved by subsequent thoracopla'Jty 
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lateral collapse therapy in some of onr earlier cases who had primary thoraco¬ 
plasty, or who had resection without concomitant or early thoracoplasty. 
Examples are illustrated (Figs. 7 and 8). 

A thoracoplasty performed in anticipation of a later resection subjects 
the patient to an additional major operative procedure, which we believe 
should be avoided. Following a thoracoplasty resection becomes technically 
more difficult and it is harder to dissect and free adhesions in the costo¬ 
vertebral gutter without tearing into infected lung tissue or a cavity. We 
also feel that, with the protection provided by antiluoties, significant postop¬ 
erative spreads may, in years to come, be shown to occur less frequently fol¬ 
lowing resection than following thoracoplasty, because the chief source of 
baeilliferous sputum is not merelj’^ collapsed, but removed. 

An advantage in performing thoracoplasty in conjunction with lobectomy 
rather than later, suggested by Himmelstein, Eeriy, and Read,^ is that the 
remainder of the lung becomes adjusted to the residual pleural space before 
its motility is limited by pleural adhesions. If the thoracoplasty is delayed 
and there has been an opportunity for adhesions to develop, the thoracoplasty 
will serve mostly to collapse the upper portion of the remaining lung tissue, 
leaving the rest of it overdistended (Fig. 8). 

On the basis of our limited experience with the procedure we have tenta¬ 
tively adduced the following other advantages of the combined operation 
over resection and thoracoplasty performed sepai-ately: 

1. The thoracoplasty need not be as extensive or radical as when it is 
performed before or after a subtotal pulmonary resection. Hence, there is 
less deformity, less disturbance to the function of the shoulder girdle, and 
lu’obably less disturbance to respiratoiy function. If necessary, the thoraco¬ 
plasty can later be revised and extended to control lesions in the nonresected 
portion of the lung though this has not as jmt been necessary in any of our 
eases. 

2. The extent of the thoracoplasty can be conformed rather accurately 
to the size of the pleural dead space before overdistention and adherence of 
the remainder of the lung have occurred. 

3. It is probablj" safer, with the combined operation, to conserve portions 
of the lung containing lesions for which resection ordinaril 3 ^ would not be 
considered*. 

4. The combined procedure allows better exposure of the u])permost ribs 
through an incision which is shorter than that generallj^ used for thoraco¬ 
plasty alone. There is less damage to the muscles of the shoulder girdle and 
postoperative deformitj^ (scolio.sis) is minimized bj’- preserving the muscles of 
the spine. 

5. Earlier, more I'apid obliteration of the pleural dead space is promoted, 
decreasing the hazards of bronchopleural fistula and emp.^mma. 

G. The concomitant oiieration eliminates one majoi- ])roccdni'e with its 
attendant ri.sk and expense. 

7 The pre.sumed benefit of thoracopla.sty is assured to the ]nitient who 
might refuse a second operation. 



COXKUX KT Al..: 


TUOKACOPI-u'STY and ]!K?KCT10N 
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Eliununtin- an adaitional opcvative pvoccaure aoereases the loaa on 

,„e L":”r" ».«. i..-.ses ... of ..ofoo.,. «->,o 

be treated snrgieallY in a iriven penod of time. 

Cilice n-e have snsbstitnted an intereostal ineision for an incision throngli 
the neriosteal bed of a lontr aegiueut of resected rili, we lielieve that more fnne- 
'Iscvvod b- .0 a gacalev OKto,.,. «.o iateg.-rty 



Fig, S., A., TUis patient, in March, 19-tS. haU first a riclit upper lobe lobectomy, 

with a thoracotomy through the periosteal betl of the fifth rib. Xlne clays later a thoraco¬ 
plasty, involving: the first four ribs, was performctl. B. V. K. Combined resection-thoraco¬ 
plasty. September, 1950. Exposure by technique described in text, with thoracoplasty con¬ 
fined to graded segments of first four ribs. 


of chest wall sfrnefnvcs over the nonresected portion of the lung. The dif¬ 
ferences are suggested, to a degree, hy comparing the roentgenograph of a 
patient who had first a lobectomy (exposure through the hed of the fifth re¬ 
sected rib) u-ith that of a patient who had a eombined operation with use of 
an intercostal incision for exposure (Fig. 9). The comparison is not accurate 
nor are our impressions objectively substantiated; but it does seem that chest 
wall integrity and respiratory function are more dependent on intact, flexible 
ribs than on the loss due to dividing intercostal muscles. 

Patients who have had prolonged pneumothorax therapy, eontimxed or 
discontmued, and whose pulmonary tuberculosis is still uncontrolled, are fre¬ 
quently candidates for resection of residual easeating lesions and decortica¬ 
tion of the remainder of the hmg. In these patients one should not necrleet 
the value of performing thoracoplasty at the same time in order to conform 

the size of the pleural cavity to the volume of the remaining decorticated nor 
tion of the hmg (Figs. 3, 6, and 10). " mcoincatecl poi- 
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Siuee llioracoplasties arc sometimes advisable ov maiidatoiy J'ollowiiig 
resections for nontuberculoiis sujprarative or neo]ilastic disease it is obvious 
that some of these patients may also be candidates for the comliined operation 
under consideration. We have performed thoracoplasty at the time of resec¬ 
tion in a few such patients, seemingly to advantage; but the discussion here is 
concerned primarily with resections for pulmonary tuberculosis. 


Fig. 10.—E. B., A, Right artificial pneumothorax since 1937. Pleural exudate positive 
for tubercle bacilli. Sputum was positive in July, 1949. B, Following decortication, resec¬ 
tion of superior segment of right lower lobe (contained a cavity) and concomitant four-rib 
thoracoplasty (March, 1950). While very little lung was resected, the remainder of the lung, 
long collapsed, did not adequately fill the pleural cavity. Thoracoplasty was therefore per¬ 
formed at once. 


In conclusion it may be stated that, with the exception of one patient who 
died, and one patient who required tAvo subsequent thoracotomies for decorti¬ 
cation and for closure of bronchopleural fistulae (but who noAV is convalescing 
satisfactorily), the combined operation of lobectomj^ or segmental resection 
with thoracoplasty has been well tolerated. Another patient had a broncho¬ 
pleural fistula, but this responded promptly to intercostal tube drainage and 
her convalescence Avas otherAvise uncA-entful {Fig. 5). The remainder of the 
patients appear to haAm made exceptionally smooth recoveries Avith less post- 
operatiA’c pain, less impairment of respiratory or muscle function and less 
morbidity than similar patients Avho haAm been treated by resection or thoraco¬ 
plasty, alone or consecutiAmly. 

SUMMARY 

1. The authors have presented their experiences Avilh a group of thirty- 
eio-ht tuberculous patients in Avhom pulmonary resection and thoracoplasty 
Avere performed at the same operation. 
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There was one postoperative .ieath in the thirty-two patients wlio had 
upper Inng resections, none in the .six who had piunnnonee.tomy and thoraeo- 


o. The combined operation seems to be well tolerated and the incidence 
of postoperative complications is low. 

4. A nnmber of advantages of the comtnned pvocednve over separate op¬ 
erations has been adduced from onr ex])erienee and from the reports of 
othei-s: a. Use of a modified thoracotomy incision and less extensive rib re¬ 
section make for adequate exposure and for a better functional result than in 
the usual postresection thoracoplasty, b. The thoracoplasty- collapse can be 
aecuratelv conformed to the remaining portion of the lung before it becomes 
distended and adherent. Subtotal resection, in preference to pneumonectomy, 
can be undertaken with more confidence, e. The pleural dead space is 
promptly obliterated by .thoracoplasty, decreasing the hazard of broncho¬ 
pleural fistula and empyema, d. Elimination of one ma.ior procedure and its 
attendant risk is important to the patient and to the hospital, and patients 
with resection who might refuse a second operation are assured the protec¬ 
tion of thoracoplasty. 
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DI.SCUSSiox 

DU- PALL C. SAMSON, Oakland, Calif.—Since apparently I am one of the earlv 
group of surgeons to concern myself consistently with concomitant operations. I feel that 
I should stand up and be counted so that if there are any who are sharpening axes 1 can 
offer another broad pair of shoulders to work on. 

r enjoyed Dr. Conklin's presentation very much and his experiences parallel ours 
As for our technique, we have left the first rib in and have peeled the pleura down from’ 
beneath the first rib, beliei-ing that there would be less deformitv than if the fir't rib wa' 
removed. I became interested in combined procedures in 1949. following SkinnerN renort’ 
and It seemed to me that lobectomy-thoracoplasty was more important nerhans 
pneumonectomy-thoracoplasty. In the former, the tailoring of the chest'wall to fit th! 
remaining lobe seems to be rational and there is certainly less bronchial distortion than 
If phrenic nerve paralysis and/or pneumonoperitoneum is used to fill the snaee T w. 
only emphasize that the combining of thoracoplastv and resection is b,,t ^ 

entire treatment problem in these patients. In addition to ™ 

including bronchoscopy with right-angle telescopic examination o/the upp^^ILTo“'*b‘’“’ 
the proper timing of operation and the intelligent - use of antimicrobial theraprl“tS^ 
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tlie great importance of strict bed rest, preferably for six montlis following resection. In 
tlie main, tlio majorily of the delayed complications encountered in our entire resection 
program have been in palionis rvho insisted ni>on relatively early ambulation and return 
to work. 

Since January, 1949, Di'. Dugan and I (or our associates) have performed fiftj--five 
concomitant resections with thoracoplasty. There was one immediate postoperative death, 
a l.S per cent mortality, and one delayed death, sixteen months after operation. There 
were fortj' lobectomy-thoracoplasties and fifteen pnoumoneetoniy-thoracoplasties. There 
were no immediate postoperative complications of major concern in the entire series: No 
wound infections, no empyemas, and no spreads. There was one questionable reactivation 
which cleared up entirely in a few weeks. Of the fift 3 --three living patients, lift)' are 
sputum-negative as of recent report. 

A 5 'ear ago I presented preliminarj’ data on 26 of these patients before the California 
Trudeau Societj’ and this report reccntlj' has been published as Dr. Conklin indicated.* 
The present status of those twenty-six patients whose operations were performed from 
fifteen to twentj'-seven months ago is of interest. There were seventeen lobectomj'-thoraco- 
plasties with the one postoperative death previouslj’ mentioned. Of the si.xtecn living 
patients, fifteen are sputum-negative and working—a 94 per cent conversion rata; the sixteenth 
had active contralateral disease at the time of operation, wliich cleared, but later on activit)' 
developed a cavity and he is still positive. Of the nine pneumonectomy-thoracoplasties, eight 
are living and negative. Of these, six arc at home and working; two developed a late ba.sal 
empj'ema and arc still in the hospital. The ninth patient was discliarged immediately follow¬ 
ing surgery ivith a clear eontralatci-al lung. At lioine, activity could not be restricted. Follow¬ 
ing a cold five months postoperative!)', she developed active disease and died of progressive 
pulmonary tuberculosis sixteen montlis following operation. 

DB. JAMES E. DAILEV, Houston, Texas.—My shoulders are not quite as broad as 
Dr. Samson’s, but I could be included with the group subscribing to his opinions, if neces¬ 
sary. 

For some time ni)' associate Dr. Barkley and myself have felt, as Dr. Conklin has so ex¬ 
cellently shown you today regarding thoracoplasties and resections, that the best time to 
perform this thoracoplasty would bo simultaneously with the resection. We started a series of 
these cases, the first one in April, 1949. It is not as large a series as those that have been 
presented to you; it consists of only twenty-three cases, the youngest 6 years old and the 
oldest 56. Three of these were total pneumonectomies and twenty were lobectomies. It is not 
quite clear to me why Dr. Conklin advises against the combined procedure for lower lobe 
resections, inasmuch ns we have felt that the elevation of the diaphragm was not quite 
sufficient to obliterate the space. Of the twenty lobectomies in our series sixteen were for 
lower lobe and four were for upper lobe disease. Wo had no deaths in the scries and all but 
two immediately converted their sputum and iiave remained negative since then. The two 
that still have positive sputa had contralateral cavities and further procedures are con¬ 
templated for them. 

If I had slides with me I believe I would be able to demonstrate the surprising lack of 
deformity in these lower lobe thoracoplasties. The elfectivencss of the tlioracoplasty in 
obliterating spnec cannot lie appreciated very much by the postcro-antciior and lateral roent- 
venograirhs, but roentgenographs in the oblique view sliow the depression in the thorax very 
well. It is possible that use of a plastic sponge might prove better for obliteration of this 
space after resection. IVe have had no experience rvith tliis. However, if tlioracoplasty is 
chosen wc would certainly subscribe to doing this iiroccdure at the .same time as the resection. 


DB. CHABLES AV. LESTEB, New York.—I also am in favor of this procedure of 
thoracoplastv at the time of pneumonectomy or lobectomy. AVc first started using it some 
vears an-o in children because wc thought that over-distension of the remaining lung produced 
respiratory difficulties in some instances, and wc sub.sequcntly modified it to use in adults. 


^-S-imson P c.. Dugan. D. J.. and Harper. H. P.: 
coniitant TlioracVla.st.v in Pulmonary Tuberculosis. California Aled. .3: oli-atO. I9o0. 
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(Slide) Thi-: is the first case in which we used it: an S-vcarold girl who had a 
pnenmonectomv for bronchiectasis. She has long posterior stumps and the first and second 
ribs are left in. It is quite adequate for an S-year-old child but we do not tlnnk it uould uork 
u-ith adults. 

(Slide.) AYc therefore modified the procedure as shoum here. e enter the chest 
throut'h the resected fifth rib after the resection is completed—and this thoracoplasty proce¬ 
dure takes only about five minutes and docs not add to the shock of operation—we take half 
the fourth rib. one-third of the third, and cut the second, leaving long posterior rib ends 
extending at least a centimeter beyond the transverse processes. If it is an upper lobe 
lobectomy that is all that is done; if it is a pneumonectomy we take half the sixth, and also 
cut the seventh in the same way the second is cut. 

(Plide.1 This is a two-year result in a 14-year-ohl girl who had a left pneumonectomy 
for tuberculosis. Two years after operation sbe was studied by Dr. Cournand. and she has 
only 16 per cent residual air, which is remarkably low. She has. however, what appears to be a 
little anatomic distention, although physiologically she has none. 

In doing these pneumonectomies we feel that excess fluid sliould l>e aspir.ited early and 
often so as to permit the collapse to take place. If this is not done the chest wall u-jl! not 
collapse sufficiently. 

(Slide.) This is a 23-year-old girl who had a destroyed right lung which also, as we 
found out afterward, had carcinoma in it. It was a long gruelling operation but the thoraco¬ 
plasty was done at the end of it. Tlie thoracoplasty procedure produced a fair amount of 
collapse, but there was so much blood and fibrin that we could not aspirate it properly, 
although at two months it looked like a very good result. 

(Slide.) At eight months when the fluid absorbed, her heart had moved to the rigid 
side and the left lung had gone back to the X'osition it occupied l.iefore operation, 

(Slide.') This man had a pleuro-pneumonectomy. and shows another advantage to 
this thoracoplasty procedure. If yon have to do a second iirocedure. tliat is. if you have to 
do mote thoracoplasty, you can go in through au axillary incision. Tlvere is little blood loss 
and no shock to that procedure and if you have to close a broncho-pleural fistula there is 
plenty of muscle in the axillary fold to use as graft. This man opened his fistula eight months 
after operation. The thoracoplasty was completed through an axillary approach and the 
broncho pleural fistula was closed in the same operation. 

(.Slide.l This man had decortication of the lower lohe and lobectomy of the upper 
lobe. The modified thoracoplasty was done at the same time and the chest nas drained. The 
procedure allowed a better collapse and he has good pulmonary function. 


DIv. KICHAED H, OA HRHOLT, Drookline, Alass.—^Dr. Conklin has proposed a most 
worth-wliile suliject for consideration. I should like to bring out two points: first, I do not 
believe that the combined procedure should be used routinely in all cases. There mar be 
added risk. ‘YTe have used it in approximately half the patients being treated for tubercu¬ 
losis with resection in which we felt that ultimately they would need some reduction in 
thoracic volume. \Ye have not considered it wise to do a simultaneous thoracoplasty if the 
operation has been a prolonged one or if Hie general condition of the patient at the conclu¬ 
sion of the resection would make it seem that this added procedure might increase the risk. 

The second point is that if one is attr.acted by the single stage procedure I think it is 
well to maintain the integrity of the chest. It is possible to retailor tlie chest maintain 
ngtdtty and prevent danger of paradoxic chest-wall movement. 

(Slide ) The first step in the method we employ i= to divide ribs two. three four and 
five umetiorly witlnn tlie eliost. " 

ft. .- 
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(Slide.) In the final step, the liberated and shortened plate of remaining segments of 
ribs are swung downward and inward. They are securely fastened to posterior rib stumps. 
The second rib is usually fastened to the fourth stump, the third to the fifth, etc. 

A roentgenograph shows the degree of ehest-wall shift obtained by this type of 
modified thoracoplasty. 

The fact that the resection and retailoring can be done in one stage effects great saving 
in comfort and hospital expense. We have lost only one patient, a diabetic, in whom the 
combined operation was performed. It was difficult to tell whether or not the added proce¬ 
dure contributed to the outcome. I would, however, like to issue a warning to the effect that 
if one contemplates using the combined procedure, the cases should be carefully selected. 

DR. W. D. KELLEY, Korwieh, Conn.—It is encouraging to know that there is still 
an interest in the surgical treatment of tuberculosis. In spite of the advent and rebirth 
of such a panacea as BCG we still have a problem. As you know, the tuberculosis death 
rate throughout the country is something like forty per one hundred thousand population, 
and even in the small state of Connecticut and other places where we think that tubercu¬ 
losis has a fairly well-organized program, the death rate is still about thirty per one 
hundred thousand. So we still have a problem in treatment and I think we should empha¬ 
size surgical treatment of this disease. It is interesting to note also that there is such 
a wide variety in plans of treatment; in fact, it is almost astounding that there should 
be so many different types of surgical treatment for practically identical types of disease. 
I wonder if this is not the right time to question whether or not we should not try to 
come to some standardization of surgical treatment. 

As a matter of completeness, I would like to mention our statistics in one surgical 
unit in Connecticut in relation to resections for tuberculosis. Wo have a series now of 
eighty-two cases of resections, including pneumonectomies, lobectomies, and segmentals. 
There are thirty-one cases of lobectomy, twenty-nine cases of pneumonectomy in this 
group. In connection with this I would like to say that we have tried the combined op¬ 
eration in three cases; one a lobectomy and two a pneumonectomy, and we found in two 
of the three cases that there was a considerable increase in morbidity and for that reason 
we have not continued with the combined operation of thoracoplasty and pneumonectomy. 

DR. LAURENCE MISCALL, New York.—^In our experience at Triboro Hospital we 
have not combined resection therapy with thoracoplasty. If we intend to use thoraco- 
pla.st}' it is completed usually as a primary procedure, after which resection has been 
carried out at a later date. Yet, in certain cases, we have found combined procedure 
advisable. In these we tailored the thorax by a method which the following slides illus¬ 
trate. Resection has been combined with mobilization of the apical pleura, which has 
been turned down over the lung and sutured to the lower margin of the line of incision. 
This has created an extrapleural space. 

(Slide.) On this first plate taken immediately after operation the dots outline the 
air-filled space above the right middle and lower lobes after removal of the right upper 
lobe. 

(Slide.) This second slide shows that effusion into this space has occurred rapid!}-. 
It is clearly demonstrated by the small fluid level at the top of the space. 

(Slide.) This next plate taken eight days after operation shows that the complete 
filling of the space by fluid has compressed the lung and helped to rapidly obliterate the 
pleural space by bringing it into contact with the lung. 

(Slide.) This plate taken five days later shows the ease with which pulmonary ex¬ 
pansion can be regulated by aspiration of fluid from the extrapleural collection. 

(Slide.) In this lateral view one can see that the right lower and middle lobe.s have 
selectively expanded; that the ideural tent parallels the margin of the re-e.xpandod lobe 
and that the fluid above has decrea.sed. 

(Slide.) This plate indicates the ability of collections to persi.st and organize. At 
this time, seven mouths after operation, the pleural tent is equivalent to the four- or five- 
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rib tUoraconlastv. Tl.c cl.est .all has not been .V.sturbe.l except for the oxc.s.o. of on 
”s ahvavs able to raise secretions rvell after operation. He has rna.nta.nea a 
I|!nijt spine an.l 'has been rp.ite comfortable. Jt is po.ssible that these factors have bet er 
Vreservea respiratory function tl.au that observe,1 .ith si.uilar collapse fro.u 

(Slide.) This is a plate taken on Mar. l!t, 1948, ten days after rcsectron of a left 
upper lobe for tuberculosis. The large extrapleural heniopneumothorax which can b 
clearlv seen was aspirated on three occasions. 

’(Slide ) On this plate of dan. 5. 1940, ten months after operation,-one can see the 
left lower lobe has re-e.xpanded to the level of the fifth rib. Note that U.e spine has re¬ 
mained absolutely straight and this corresponds to a thoracoplasty of similar degree. 

(Slide.) Here is a plate on another patient who had a left upper lobectomy for a 
tuberculous cavity seen well on the plate on the right. 

(Slide.) I am sure, following the report of Dr. Chamberlain, that segmental re¬ 
section would be preferred now. This (slide) lobectomy, however, was combined with 
a pleural tent. The effusion into the extrapleural space was aspirated carefully to control 
expansion. The plate on the right three years later illustrates the definite restriction of 
overexpaiision of the remaining lower lobe. 

Our experience with the pleural tent leads us to believe that it is definitely superior 
to thoracoplasty when one wishes to tailor the thorax at the same time when resection is 
completed. 


DR. LEO ELOESSER, San Francisco.—Pardon me if I take a few words to call at¬ 
tention to something that perhaps you all know. I did not gather from the speakers 
exactly how they did the thoracoplasty. But through all these very large chest incisions 
it is quite easy to remove the desired amount of ribs, working from the inside-of the 
pleural cavity, either transpleuraily or, if the occasion dictates, subpleurally by pusbing 
the pleura aside. 


DR. JOHN M. CH.kMBERL.kIN, New York.—want to take a minute to add a 
word of caution about the use of this combined procedure. On Dr. Berry's service at 
Bellevue and the other services with which I am associated, we have used the combined 
procedure in sixty patients, I am sure Dr. Conklin will quickly and readily admit that 
the postoperative course of these patients is a little more hazardous, and that perhaps 
the morbidity is increased, because of the paradoxical chest, as Dr. Overholt has pointed 
out. One other point: In doing these operations it is frequently necessary to go into the 
extrapleural plane in order to mobilize the lobe. In sue!, cases, when one follows the re- 
.section with a thoracoplasty, there are only ribbons of periosteum and intercostal muscle 
to fall in and obliterate this space. This defect allows the pleural cavity to be in com¬ 
munication with the subseapular collection of fluid and one must therefore deal with a 
larger hemothorax postoperatively. As a result, I believe the management of these cases 
requires a great deal more attention. For these reasons, we now enter the pleural cavitv 
through the fourth rib instead of tlie fifth and then take short segments of ribs three 
and two. In this w-ay we are able to reduce to a minimum the paradoxical motion. B'e 
then mobilize the apex of the lung by incising the periosteum beneath the first rib lust 
as Dr, Samson does. ’ 


DR. CONKLIN (closing). I thank the numerous discussors and hope that at anv 
future appearance before this Association I may have Dr. Samson's broad shoulders to lea'n 
upon. Dr Da,ley mentioned the use of thoracoplasty in conjunction with lower lobe resM- 
tion. ye thought tliat tl,e diaphragm does elevate sufficiently to fill the space and have 
ttiougy that perforamg thoracoplasty in these cases displaces the upper and middle lobes 
,11 such a manner that ,t may kiiik the bronchus or otherwise affect efScienev. The use of a 
p!ast,c sponge in lobectomy does not seem to me a practicable solution, and certainlv anv 
foreign body does not help with the hazards of empyema and bronchopleural I tut ' 
Be have used this procedure, of course, in carefullv selected nLe i i ' 
suppurative disease and neoplastic disease. So far as aspirarion of fluid is c“oncer“nerfo^Uow-’ 
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iiig resection uiiJ tlionicoplusty, as iiiciitioiied by Dr. Lcsier, (liis is done in our case.s !ie- 
cording to indications, such as dis]>l!icem<‘iii. of (lie niedia.s(inuni, and so on. From the paper 
of Drs. Iverson and Skinnei' I undcr.sfainl (hat they alirar'.s diain the jilcural cavity follow¬ 
ing pneumonectomy and thoracoplasty, and I think in these cases the use of drainage follow¬ 
ing pneumonectomy is better justified than when no thoracoplasty is performed. Drainage 
will promote obliteration of the pleural space and there will not be excessive mediastinal dis¬ 
placement as a result of drainage. 

We do not .use the combined procedure routinelj'. In otlicr words, as Dr. Overholt men¬ 
tioned, if the patient’s condition does not seem entirel}’ satisfactory when the resection is com¬ 
pleted, a contemplated thoracoplasty should be deferred. However, I would like to point out 
that, particularly with the tjpe of technique we are using, it prolongs the operation very little. 
Ordinarily we resect one, and very frequently two, of the ribs to be resected before entering 
tlic pleural cavity, and that leaves only the uppermost two ribs to be resected at the end of 
the procedure, and this can be accomplished ver}' rapidly. Dr. Samson carefully timed his 
cases and found that thoracoplasty added an average of only sixteen minutes to the entire com¬ 
bined procedure and I feel that with a more limited type of thoracoplasty, such as we perform, 
it averages even less. 

Dr. Eloesser asked about the approach to the ribs, whether from the inside or outside. 
We have on occasion used an intrapleural approach to the ribs and have found it advan¬ 
tageous at times to divide the costal cartilage of the first or second rib from within the 
pleural cavity with a scalpel. However, we prefer to use the e.xtrapleural approach, di¬ 
viding subsoapular muscles, feeling that in this way the periosteum will drop down again,st 
tiie mediastinum and that the benefit of the thoracoplasty will be promptly achieved. 



REVISION' THORACOPLASTY 
A RE^^E\v OF T\\-exty-Se\-en Cases 

WixFiEED 0. Keuj-w AXD Davio ^ - Pecoka, IiI-D. 

Norwich, Coxn. 


'X'HE literatvire on revision tlioi-acoplasty is somewhat confusing. In 19o6. 
i Kinsella^ admsed extraperiosteal gauze packing ^vith remsion except in those 
patients with small cavities who had inadequate fii-st operations. By use of pack¬ 
ing. he was able to close eleven of thirteen cavities. tVithout packing, he was 
successful in twelve of tweutydln-ee cases. Alexandei- recommeiKlcd revision 
for unsuccessful, inadequately performed thoracoplasties. He felt that the 
operation was not indicated after a thoracoplasty in which the ti‘ans\eise 
processes and adequate lengths and number of ribs had been iejected. Re\ision 
in Ills hands was successful in twelve of a total of fifteen thoracoplasty failures. 
\Veiles.= being of the opinion that the real cause of thoracoplasty failure lay in 
the lesion within the lung, did not recommend revision. He attempted to close 
the cavities in six thoracoplasty failures by rasecting regenerated j'ibs and trans¬ 
verse processes, and was unsuccessful in all. 'Weinstein^ recommended that re¬ 
vision include resection of ribs over the cavity, shortening of adjacent trans¬ 
verse processes, and mobilization of the lung from the vertebral bodies. By this 
method he was able to convert the sputum of 54.6 per cent of twenty-two jiatients 
whose first thoracoplasties had been adequate. Judd^ recommended plication of 
the lung on itseK to close camties under thoracoplasties winch had been adequate. 
This method was successful in converting the sputum of 4.35 per cent of twenty- 
three cases. Hochherg. Fink, and Denize.® after reviewing a series of eighty- 
nine cases of revision thoracoplasty, concluded that remsion was most successful 
in patients whose first thoracoplasty had been inadequate. They were able to 
convei’t the sputum of about one-half of the latter group as compared to about 
one-fourth of tlieir total group. 

The twenty-seven cases of revision thoracoplasty pi-esented in this article 
were consecutively operated upon at Uncas-on-Thames between Jul.v. 1946. and 
•Jannaiy. 1951, during which time 278 cases of thoraeoplasrt- of all types were 
perfonned. There were one operative mortality (3.7 per cent) and' two late 
mortalities (7.4 per cent). Two patients received inadequate revisions without 
resection of adequate lengths of transverse processes, and both failed to develop 
a negative spntiun. Twenty-four patients had what were considered adequate 
revisions. 

In Table I are summarized the results of rerision according to accepted 
criteria for judging adequacy of the first thoracoplastv. Thoracoplasties were 
conside red adequate if the fii-st two ribs bad been completelv or almost com 
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Table I. Follow-Up on Twenty-four Cases of Satisfactory Revisions 




SPUTUM 

CAVITY 

CLOSED 

1 CONTRA- 

FIRST THORACOPLASTY 

NUilBER 

CONVERTED 

TO 

NEGATIVE 

BY 

lamina- 

gram 

BY 

PLAIN 

FILM 

1 LATERAL 
CAVITY 
PRESENT 

I. Unsatisfactort^ Operation' 

18 

10 

G 

G 

o 

A. Inadequate Transverse 
Processes 

9* 

G* 

4* 

5 

3 

B. Inadequate Transverse 
Processes and Inade¬ 
quate Number of Ribs 

5 

4 

2 

1 

0 

C. Inadequate .Transverse 
Processes and Delay Be¬ 
tween Stages 

I 

0 

0 

0 

0 

D. Inadequate Transverse 
Processes, Delay Between 
Stages and Inadequate 
Number of Ribs 

It 

1 

I 

0 

0 

E. Inadequate Number of 
Ribs 

*) 

0 

0 

1 

0 

F. Inadequate Lengths of 
Bibs 

0 

0 

0 

0 

(1 

II. Satisfactory Operations 

(! 

o 

2 

1 

1 


*According to death certificate, one of these patients died of “tuberculosis and pneu¬ 
monia," about two years after revision. Last recorded sputum, one year after revision, was 
negative. Last available roentgenogram showed no cavity one and one-half years after re¬ 
vision. 

tone of these patients died about two and one-half years after revision fiom carcinoma of 
the lip. Roentgenogram before revision did not reveal definite cavity. 


pletely resected, if tlie transverse processes had been removed flush witli tlic 
laminas, if suffleient lengtlis and numbers of ribs Jiad been resected to eolla])sc 
the lung well below the cavitary disease, and if a delay of more than three to 
four weeks had not occurred between stages. A revision operation was_ con¬ 
sidered adequate if it corrected the defects in the finst operation. Anterior 
thoracoplasties were performed according to the method of Plaight' in all but 
three of the twenty-four jiatients summaiized in the table. 

Eeference to Table I will reveal that roughly one-half of the patients who 
had satisfactory primary operations benefited by revision. In contrast, about 
two-thirds of the group who had unsatisfactory primary operations benefited 


Table II. Results of Revision Accorping to Roentgenogram Appearance of Disea.se 

Before First Thoracoplasty 






1 NUMBER 




NUMBER 

WITH CON- 



NUMBER 

SPUTUM 

TRALATERAL 


NUMBER 

CAVITY 

CONVERTED 

CAVITY 

X-RAY APPEARANCE 

CASES 

CLOSED 

NEGATIVE 1 

PRESENT 


Dense Disease 

Giant Cavity and Dense Disease 
Small Thin-Walled Cavity with 
Infiltration of Slight Density 


1 

10 


1 

0 

0 


•According to death certificate, one of tliese patient.s died of "tuberculosis and pneu- 
• Kmif rc 'iff’F'F rpvi^lfin rccortlcd sputiini, one jcfir filter roiision, was 

rgauVe."^Last‘awaila'b^^^^ roentjlnig^an, ilmwed‘^r'eaviLv one and one-half years after re- 
vision. 


"iono of these patients died about two and one-half carcinonm 

of the Up. Roentgenogram before revision did not reveal definite ca,ltj. 
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by revision. If the group ■with inadequate removal of transverse processes at 
primary operation is studied, it will be seen that from three-fourths to foui-fifths 
of these benefited by re%'ision. 

Table II summarizes the results of adequate revision according to the roent- 
senosrani appearance of disease prior to the first thoracoplasty. The preopera¬ 
tive roentgenograms were available for review in nineteen cases. In each in¬ 
stance, cavitary disease was apparently localized to the upper lobe. It -svill be 




re.ectif original,processes had not been 

thoracoplasty. Appropriate 




visibIeJjst-^t4Vt?-7olSn‘^WAT‘prri^rei^'^ thoracoplasty. Cavity dearly 

Snt’^Jn Vn°saS"toTi;!"?e%v^^^^ '’fj, 

. ‘CMuc even tnoug’h 
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noted t]iat there ivas no significant difference in tlie response of tlie categories 
listed to secondary collapse. One might, therefore, conclude from a study of the 
two tables that mechanical factors are of more importance than pulmonary pa¬ 
thology (as seen by roentgenogram) in determining the results of thoracoplasty. 

Streptomycin therapj’^ was employed in conjunction with revision in four 
patients, only two of Avliose operations were adequate. The latter two patients 
were the only ones in this group to develop negative sputum, which would seem 
to substantiate the ojjinion that streptom 3 ’’cin is not a substitute for satisfactory 
collapse. 



Fig. 5, Fig. G. 

Fig. 5.—^Chest roentgenogram sliowing inadequate removal of transverse processes and 
anterior rib ends. Diseased lung not satisfactorily collapsed. 

Fig. 6.—Roentgenogram of same patient following anterior and posterior revision thora¬ 
coplasty showing satisfactory collapse. 


Ventilatory function studies were performed on onl.y two patients juior to 
and following secondarj- operations. In one instance, the removal of five I'c- 
generated ribs, a portion of one additional rib, and an antei’ior stage climinislicd 
the maximum breathing capacity from 92 to 75 liters per minute. In the othei' 
ease, with removal of eight transverse processes and regenerated rilis and an 
anterior stage, the maximum breathing capacity changed from 64 to 58 liters 
per minute. In general, it can be said that rcspiratoiy function was not im¬ 
paired to anj- great extent bj’’ revision thoracoplasty. 

It was formerl}^ our custom to resect all or most of the regenerated ribs 
shortlj' before or at the time of thoracotomj’ for pulmonaiy i-csection. l'’our of 
the patients included in this report liad revision and tlioracotom.v williout I'c- 
scction because of technical difficulties. In eacli ease, the lung was freed to a 
variable degree. Two patients, wlio had technically adequate revision operations. 
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Invve iie!i;\UYe sputvim aud no ovulcin-o of vavity, Tlic other two liad teehnicalH 
iiiadeijuate revisions, ami .showed ino'sisti.nt eavity and )'ositi\e. spntuin. At 
least in this small irronp. partial pnennionoly.sis did not appear to be hencfieial. 

SVMMAUY AND CONCnfStONS 

1. Twenty-seven cases of i-evision thoracoplasty arc reviewed. There were 
one operative and two late deaths. 

2. Revision operation is most sncecssfnl follondng inadequate thoracoplasty 
in which the presence of transverae processes seems to be a significant factor 
interfering with adequate collapse. 

3. The tv'pe of disease as noted by roentgenogram m this series did not 
appear to he a determining factor in the success of revision thoracoplasty. 
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LIPOSAECOMA OP THE MEDIASTINUM 

Eeport of a Case With Associated Lipomas of the Mediastinuji 
AND Subcutaneous Tissues 

Captain Clifford P. Storey, Medical Corps, United States Navy," and 
Commander Kenneth P. Knutson, Medical Corps, United States Navy,"" 

St, Albans, N. Y. 

T he literature contains no record of a patient who exliibited the simultaneous 
presence of a lipoma and a liposareoma of the mediastinum. This appar¬ 
ent! j’ unicpie association justifies the reporting of a single case. 

Liposareoma is a rare tumor.’’^ The most common sites of origin are the 
fascial planes of the thighs and the retroperitoneal tissues. Lipomas, on the 
other hand, are among the most frequently encountered of all neoplasms. Al¬ 
though seen in nianj^ locations, they usuallj- occur in the subcutaneous tissues. 
The mediastinum is a rare site for either of these tumors.’’ The number 

of mediastinal lipomas reported in the literature comprises a very small group. 
Less than fifty have been recorded in all intrathoraeic locations.” JIany of 
these were lesions of the dumb-bell type with a portion of the tumor situated 
in the neck or chest wall and connected with the intrathoraeic component by 
a stalk or ijedicle. Lipomas confined solely to the mediastinum are unusual. 
The rarity of mediastinal liposareomas is attested by the fact that a search of 
tlie literature reveals only five solitaiy tumors of that type located in the 
mediastinum.-' Pive cases of multiple liposareomas have been reported, 

and in at least turn of these the mediastinal organs or structures as well as other 
more common sites were involved.”^’ 

Benign lipoma and its malignant countei’iiart, liposareoma, are very rareh’ 
found in combination. Indeed, we have been able to find in the literature only 
three previously recorded instances of such an association, namely, the case 
reported by Farbman^” and the two cases recorded by Starkloff, Saxton, and 
Johnson.^’ 

case report 

The patient, a 5.'5-year-old Naval officer on active duty, vas admitted to the U. S. 
Naval Hospital, St. Albans, L. I., N. YL, on Nov. 27, 1950, because of the discovery of a 
large, right superior mediastinal mass by routine chest roentgenogram taken at the time 
of his annual physical examination. He voiced no complaints except for a mild “cigarette 
cough” which had been present for many years. During recent months the cough had 
been harsh, dr.y, and somewhat more annoying than previousl.v. There was slight huski- 
ness of the voice. The patient attributed both the increased cough and mild hoarseness 

From the U. S. Naval Hospital, St. Albans, N. Y, 

Tlie opinions or assertions contained herein are tliose of tlie writcr.s and are not to be 
construed as otticial or reflecting the views of the Navy Department or tlie n.av.al service at 
large. 
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to a Sti-emious program of public spealung wliich lie liail recently been calleil upon to 
undertake in connection with liis official duties. In the past few weeks he liad noticed 
a tendency to tire somewhat more easily than formerly. Although still able to participate 
in sports,'such as golf and tennis, he had observed increasing shortness of breath after 
vigorous exercise. He had no chest pain, expectoration, or weight loss. His past medical 
history revealed no relevant facts. In 1941 he was hospitalized for a few days for acute 
cvstitis. Five years prior to admission he had been discovered on routine electrocardio¬ 
gram to have a right bundle branch block. This condition persisted but had never given 
rise to symptoms, and apparently was of no serious clinical significance. There were no 
facts in his family history pertinent to his present illness. 

Complete physical examination showed few noteworthy findings. He was observed 
to have an intermittent, harsh dry cough. The voice was slightly husky. Bather promi¬ 
nent spider hemangiomata were present over the upper sternal area and on the right upper 
chest anteriorly. The patient’s temperature, pulse, and respiratory rates were normal. 






His blood pressure was 140/90, and equal in the two arms. There were no abnormal 
physical signs noted on examination of the heart and lungs. Abdominal examination was 
essential y negative except for a somewhat irregularly shaped mass approximately S bv 
4 by 3 cm. in size, which could be seen and felt beneath the skin in the left lower ab¬ 
dominal quadrant. On palpation this mass appeared to be lobuHted Tf t f ^ 

and was freely movable, being firmlv attached to neither the 1 i 
underli-ing tissues. The physical findings were entirely e ■ t skin nor the 

exhibited by a lipoma. The extreniitief were norLl ‘ There w 
adenopathy. Keurological examination was negative Indirrct' iT 
normal appearing vocal cords whose motion was not impaired >«^.™goscopy showed 

Eoutine laboratory studies, including liver and ,.en..i e., 
the limits of normal. The Kahn test was negative Po^f were within 

and right lateral (Fig. 2) chest roentgenograms 4owed aToi d' 
density, about 14 hv S.5 bv 7 cm in size whi^h .T . of homogeneous 

mediastinum. The mass e.ended ^ 
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Stereoseopically and in the lateral projection it was seen to be situated in the upper pos¬ 
terior and mid-mediastinal areas. The tumor was perfectly regular in outline and very 
sharply demarcated. Its density was perhaps slightly less than one might anticipate from 
a mass its size. The mediastinum was not displaced, and the lung fields were clear in all 
areas other than that obscured by the projecting mediastinal mass. A photoroentgenogram 
made one year previously was available for comparison (Pig. 3). It showed, in retro.spect, 
a clearly visible right paratracheal superior media.stinal tumor which was overlooked 
when the miniature film was originally read. In the interim of approximately one year the 
mass had increased at least tenfold in siae. No pulsations of the tumor were detected on 
fluoroseop 3 ', and it was observed that the mass did not move with the lung on re.spiration. 



Fig:. 2 .—Right lateral chest roentgenogram taken a few days prior to operation which shows 
the central and posterior location of the tumor. 

Angiocardiographj- (Fig. 4) showed that the lesion was definitelj' extrapulmonarj’ in loca¬ 
tion. The vascular pattern was normal in the right lung. This procedure not onlj- proved 
that the mass was not an aneurj-sm or other vascular lesion, but also showed that there 
was no serious compression of the great vessels in the mediastinum. Bronchoscopj- showed 
no mucosal lesion in the tracheo-bronchial tree. However, there was marked evidence of 
compression of the lower trachea and right main stem bronchus, apparentlj- caused bj- 
an extrinsic mass on the right. The right lateral wall of the lower half of the trachea was 
displaced mediall}'. The main carina was blunted and foreshortened in the antcro- 
Dostorior diameter. The right main stem bronchus was reduced appro.vimately 50 per cent 
in caliber and both this bronchus and the lower half of the trachea showed considerable 
fixation Although there was definite diminution of the normal mobilitj- of the.se struc- 
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beiug squeezed from ^vithout. ^ , trachea and right main stem bronchus, 

orifice due to the reductron in ni bronchial lumen u-as also 

Hoivever. as seen tangentially it iras left side ivere normal in 

markedly reduced. The right lon.r bronchial Uee and the entire 

all rejects. The ^ malignant cells, Class IH. 

v .h. ..................... ... 

malignant cells. 



Fie. 3.—Enlargement of a 35 mm. photoroentgenogram made one year prior to admission. Al¬ 
though overlooKed ivhen the miniature film was read, the mass was clearly \isible at that time. 


The subcutaneous mass was removed from the left lower abdominal quadrant on Nov. 
27, 1950. Grossly it appeared to be a tt-pical lipoma. The pathologic diagnosis was 
“lipoma.” 

Eight posterolateral thoracotomy was performed on Dec. 2, 1950. The right fifth 
rib was resected and the pleural cavity entered by an incision in the bed of the resected 
rib. A free pleural space was encountered except for a small area over the tumor mass 
laterally to which the mediastinal surface of the right upper lobe was lightly adherent 
by fine, easily separated cobweb adhesions. The right lung was normal on inspection and 
palpation. Examination of the right superior mediastinum established the presence of 
tiro tumor masses. The larger of these, the size of a large grapefruit, was confined to the 
mediastinum and completely covered with pleura on its presenting surface. It extended 
principally into the right chest but, as was demonstrated during its removal aho pro¬ 
jected slightly into the left pleural space. In addition, it was found to extend t'hroLh 
the right superior thoracic aperture into the lower cervical region. The inferior mar^n 
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of tlie linger mass rested on the smaller tumor to which it was somewhat adherent. The 
smaller mass in turn abutted inferiorly on the lung root and lay in the crotch between the 
superior vena cava and the azygos vein. The azygos vein cros.sed the lower pole of the 
smaller lesion and was considerably compressed by it. The posteromedial aspect of the 
smaller neoplasm lay along the lateral tracheal wall and inferiorly nestled in the angle 
between it and the superior surface of the right main stem bronchus. Viewed from the 
side, the masses were seen to occupy a central and posterior position in the superior 
mediastinum, but they did not extend into the costovertebral gutter. Both the right 
phrenic and vagus nerves coursed in their usual relationship to each other over the sur¬ 
faces of the masses and were drawn as tight as bowstrings as a result of lateral displace¬ 
ment by the larger tumor. The pleura over the tumors was split in the vertical direction. 



Fifj. 4 .—.Angiocardiogram made sliortiy before operation. This demonstrated tliat tlie lesion 
was not an aneurysm and sliowed a normal vascular pattern in the right lung. 

and the masses were found to be well encapsulated. An excellent line of cleavage wa-"! 
easily established outside the tumor capsules, and they were readily freed by blunt fingor 
dissection. Each was enucleated intact without difficulty. During the course of the 
dissection the larger mass, somewhat lobulated in contour, was found to extend across the 
midline anterior to the trachea and to project slightly into the left chest. There was also 
a prolongation which traversed the superior pulmonary .sulcus and e.xtended for a short 
distance into the root of the neck on the right. The smaller mass had no identifiable 
vascular pedicle. The larger tumor was completely freed except for one small area which 
was seen to contain a slender vascular pedicle no larger than one-half the diameter of a 
lead pencil. After the pedicle had been dissected out for a suitable distance it was ligated 
and severed 2 or 3 cm. distal to the mass. When the two tumors had been removed careful 
examination of the entire right mediastinum show'ed no residual tumor musses. The che.st 
was closed in the usual manner. 

The pathologic report was as follows: 

Macroscopic: The specimen consisted of a grayish-wliite encapsulated tumor measuring 
15 bv 11 by G cm., and a separate encapsulated tumor nic.isuring 5 by 4 by 1,5 cm. The 
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- R A--- Gm (Fif= 5 "j'- smaller mass 13 Gm. (.iig- O- 

turner tumor rvergbed .o ' ^ ..listening. Avirh fibrous tags attached. On 

The outer surface ox pale grav to light yellorv, aith a central 

section the larger tumor m consistencv. surrounded by soft spongx- tissue. 

T™ - 

d^Sned. sender filamentous basophilic cytoplasm and oral to spindle-shaped nuclei fFig. S). 



Fig. o.—Photograph of the larger mediastinal tumor shoiving the encapsulated, lobulated 

surface- 


The latter exhibited hj-perchromatism and variation in size nnd shape ivith occasional 
large, bizarre forms. In a few areas there were islands of adult fat cells together with 
less well-differentiated lipoblasts. some of which exhibited bizarre, spider nuclei with 
vacuolated cytoplasm (Figs. 9 and 10). The tumor presented a loose, edematous appear¬ 
ance in general, with areas of mi-xomaious degeneration and necrosis. There were foci 
of secondary inflammation and areas showing capillart- proliferation. In some areas, 
bands of collagenous connective tissue were prominent. Fat stain (Sudan HI) demon¬ 
strated fat vacuoles not only in the adult fat cells but also in less well-differentiated 
cells (Fig. 11). Bodian stains show an absence of neurofibrils. 

This tumor suggested, in some areas, a fibrosarcoma with myxomatous changes. 
However, the presence of the adult fat celLs and less well-differentiated cells taking "the 
fat stain, and of the large, bizarre cells with spider nuclei was characteristic of a lipo- 
sarcoma. The sections were reviewed by Stont.== who concurred in the diagnosis. 

Sections of the smaller tumor mas.< showed adult fat cells surrounded bv a fibrous 
capsule. Attached to the capsule was a fragment of tumor tissue contairing large Idzarre 
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cells surrounded by adult fat cells presenting an appearance similar to that of the larger 
tumor. 

The patient's postoperative course rvas uncomplicated except for a slight paresis 
of the right phrenic and recurrent lar 3 ’ngeal nerves, evidenced by impairment of function 
of the right hemidiaphragm and the right vocal cord. The motion of the right leaf of the 
diaphragm returned to normal vithin two weeks. Recovery of the right recurrent nerve 
occurred more slowlj", but at the time of his discharge both cords moved normally and his 
speaking voice was better than before surger 3 ^ The patient was returned to full dutj' on 
Jan. 15, 1951, at which time his chest roentgenograms were negative except for some 
thickening of the right superior mediastinal and apical pleura. He was free of sj^mptoms 
when discharged. 

The patient returned for follow-up examination on March 9, 1951. He remained 
free of S3’niptoms, his voice was normal, fluoroscop 3 - showed no impairment of the function 
of his diaphragm, and his chest roentgenograms (Figs. 12 and 13) were essentiall 3 ' nega¬ 
tive. 



C.—The tumor shown in Fig. 5 bisected showing the lobular pattern and variegated 

appearance. 


DISCUSSION 

Incidence .—Altliougli Virchow^® first recognized iiposarconia liistologically 
ill 1857, Eobertsoii,-^ in a critical revieiv published in 1916, was able to find 
only seventeen recorded acceptable cases among fift 3 "-one fatt 3 r tumors of; 
unusual t 3 'pe reported to that time. He found eleven additional eases where 
malignanc}^ was questionable. Moreland and iMcNamara,^ in 1942, reported 
nine instances of Iiposarconia among a group of 16,000 patients ivith tumors, 
and suggested that the frequenejr of the lesion may be greater than reports in 
the literature would indicate. Linglei’^®'' reported a case in 1939 and stated 
that it was the sevent 3 '-second case to be recorded. In adding a case to the 
literature in 1949, Cunnick'^® stated that there was a total of 175 previoush" 
reported cases. Of these, the great majority primarily involved the fascial 
planes of the thighs or buttocks, the mescnteiy and omentum, or the retroperi- 
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toneal area. TY-ciitv-one liposar-conias rvere eneountered in the lai.oi-atones 
„I patMotv and sm-gicol rall.olofy of tto I'lisb.nerinn Hospdo , and ^ 

iorLne snob ease* ™ acenmnlated in tbo ? “"“i; 

of Colnmbin tmoei^ity dairing a thirty-soven year period. Considei n, .he 
liposareomas oceurring in the mediastinum, such lesions appear o be «ttemelj 
rare The cases of Perkins and Borvers,® Ackerman and Wheeler, • -e, 

Lennert,'^ Barhier and ^lollard,” and the one reported herein constitute the 
onlv sLk cases or solitarv liposareoma confined to the mediastimun of which we 
conld find record. (See Table I.) The case of Aarr and Wells-' is not included, 
even thonsh the mediasTinnm and entire left hemithorax were found at autopsy 
to be involved. Earlier films clearly indicated that the tumor arose as an en- 



Fig”. T.—^Photograph of the smaller mediastinal tumor (lipoma), 

eapsnlated lesion from the diaphragm or chest wall at the left costo-phrenie 
angle. None of the fortyK)ne cases reviewed by StouP were mediastinal in 
location. In reporting a case showing multiple malignant fatty tumors, Acker¬ 
man’- noted that the American literature contained no report of a similar case. 
He was able to find in the foreign literature, however, reports of four cases be¬ 
lieved to represent examples of multiple primary liposareomas.’--’® At least 
two of these eases, including Ackerman’s, showed mediastinal involvement.’^’”' 
There is some question as to whether all of the lesions described in these reports 
were primary tumors or metastatic growths. 

As to lipomas, mention has been made or the fact that the mediastinum 
eomrtitutes a nmst infrequent site. Yater and Lyddane’ reported a ease in 1930 
renewed the hteratnre, and found only eleven prenouslv recorded cas*^ in that 


Table I. Verified Cases op Liposarcoma of the Mediastinum 
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Fig. 10. 


Fig. 11. 


Fig. 10.—Detail ot Fig. S 
cytoplasm. 

Fig. 11.—Frozen section 


sliowing giant "spiiler cell" with bizarre nucleus and vacuolated 
stained with Sudan IV showing presence of fat in neoplastic cells. 
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location. Only one of the twelve cases was confined entirely to the mediastinum, 
the remainder being dumb-bell tumors with cervical or chest wall extensions. 
The propensity of these masses, when occurring in the mediastinum, to assume 
an hour-glass configuration Avith an extrathoracic component has been empha¬ 
sized by Heuer® and Heuer, and Andrus and associates.^® In 1933 Heuer® was 
able to find a total of tAventy-eight eases of thoracic lipomas recorded in the 
world literature since the first case reported by FothergilP® in 1783. Of these, 
seventeen Avere confined to tlie mediastinum, and an additional nine cases of 
hour-glass tuinors involved the mediastinum in part. As late as 1948, Griffin 
and GuilfoiP^ reported a mediastinal lipoma and stated that the total number 
recorded from that site still totalled less than fifty. Manj'^ of these Avere dumb¬ 
bell tumors and not confined exelusiA'ely to the mediastinum. 



Fi&. 12.—^Postoperative posteroanterior and right lateral chest roentgenogram, made approxi¬ 
mately three months after surgery, showing an essentially normal chest. 

Diagnosis .— 

It is not the purpose of this paper to discuss in detail the differential diag¬ 
nosis of mediastinal masses nor to describe tlie diagnostic investigations that 
ma}^ be indicated in the indiAudual case. Studies similar to those instituted in 
the ease reported herein, including careful roentgen examination emploj'ing 
both roentgenographj' and fluoroscopy, angiocardiographj'®®"®^ and broneJios- 
copy Avill usually be in order. Tomograpliy aauII occasionally proA’ide additional 
helpful information, partieularp^ in differentiating solid from cavernous lesions. 
That technique Avill also demonstrate the presence of calcium in tumoi's when 
it maA' not be seen in coiiA^entional films. Koentgenogi’ams of the esophagus 
AAuth barium sAvalloAV Avill establish the relationship of that organ to the mass 
and shoAv eAudeiice of esophageal involvement if present. Roentgenographie 
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+ A- -.T-JII m-ainarilv offer tlie most assistance in arrhing at a correct diag- 

:::£ ^“ "“f 

tween air and water is well kmown. This 

operative diagnosis m the case of liposarcoma reported by Lrngle>. Selman 
and Bender^^ and Hunt and Bisgard,^-* among many others, have couectlj P 
dieted the presence of a lipoma prior to surgery by that method. Even though 
preliminary studies fail to establish definitely the nature of the mass m fittes- 
tion the information gained thereby ndll so clearly define the eRaet location of 



Fig. IS.—Postoperative posteroanterior and right lateral chest roentgenogram, made approxi¬ 
mately three months alter surger}-, slioa ing an essentially normal chest. 


the tumor and its relationship to adjacent struetui’es that it will be most helpful 
to the surgeon. Despite the most painstaking investigation, thoracotomy -will 
usually be mandatory before an accurate histologic diagnosis can be made. The 
principle that aH unilateral cirenmscrihed mediastinal tumoi-s should be sub¬ 
jected to exploration has been widely accepted by those interested in surgery 
of the thorax. At operation the tumor is removed if possible, and if resection 
does not prove to be feasible it is hiopsied in order to obtain a precise pathologic 
diagnosis. Knowledge that approximately 25 per cent of these tumoi-s of the 
mediastinum will prove to be malignant serves to emphasize the necessity for 
early surgical therapy. The tendency of a significant percentage of l^ions 
which are originally benign to luidergo malignant cliange has heeir accepted bv 
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many authorities. Even tliose tumors which remain histologically benign can 
cause serious illness or even death of the patient as a result of jiressure on ad¬ 
jacent vital structures. These facts make it abundantly clear that resection 
of all mediastinal tumors is indicated when excision is possible. In the final 
analysis, the definitive diagnosis in mediastinal liiDosai’Comas and lipomas, as 
in the vast majoritj^ of mediastinal tumors, rests upon a careful pathologic ex¬ 
amination of the entire specimen after surgical excision. 

Pathology .—According to Stout,^ liposarcomas present a variegated gross 
apiiearance. Thej^ are large, bulkj’^, sometimes nodular, encapsulated masses 
ranging in color from pale yellow to orange. Areas of increased vascularity or 
hemorrhage maj^ cause slight variation of this color. Most are slimy and mucoid 
and are surrounded b}^ firm, fibrous tissue. Not infrequently areas of normal 
appearing fat are present. It is unusual to see areas of cystic degeneration. 
Local multiple nodules are frequent, and often account for recurrences. 

Slicroscopic features are even more varied. Ewing^^ divided liposarcoma 
into two main t 3 ’^pes: the mj^xoliposarcoma, which is vascular, m^’^xoid, and lipo- 
blastic, and the granular cell lipoblastoma composed of cells resembling the 
foamj’- lipoblasts of brown fat. Stout’ divides liposarcomas into four groups: 
(1) well-differentiated m 3 'xoid t 3 ^pe, (2) poorly differentiated myxoid type, 
(3) round-cell or adenoid t 3 "pe, (4) mixed t 3 ’'pes. In the well-diffei’entiated 
m 3 ’'xoid t 3 '^pe, of which the case herein reported is an example, there are adult 
fat cells and embr 3 mnal stellate or spindle-shaped eells containing droplets of 
fat, which stain with Sudan III or Scharlack E. This is the less "malignant 
group and it is questionable whether such tumors ever metastasize while they 
remain in this state of differentiation. 

It is of special interest in this case that an encapsulated lipoma was found 
adjacent to the liposarcoma in the mediastinum. In addition, an encapsulated 
lipoma was removed from the abdominal wall which histologically showed no 
malignant change. Since there are several well attested cases of malignant 
change in pre-existing benign lipomas (Stout,’ Schiller,^® Adair and associates”) 
the possibilit 3 ^ of such an origin of the mediastinal liposarcoma was entertained 
in the present case. However, multiple sections of the tumor failed to show 
definite proof of such origin. Stout’ states that it is probable that the large 
majorit 3 " of malignant lipoblastie tumors are malignant from their beginning. 
The ease reported in this paper is also interesting in the light of the conception 
of Gideon Wells^® that adipose tissue should be considered as a specialized organ 
subject to s 3 'stemic disorders, similar to the endocrine glands. He noted that 
fat tissue, behaving as a specialized organ, could be the site of a malignant 
Xjrocess. Siegmund,” in reporting a case of multiple primaiA' liposarcomas, con¬ 
cluded that it represented “s 3 'stemic malignant disease of fatt 3 " tissue.” He 
compared it with l 3 unphosareoma and von Kecklinghausen’s disease. Aeker- 
man’” reported a similar ease and reviewed the four previousL^ deseribed. He 
coneluded that his case as well as the four preceding ones supported the opinion 
that adipose tissue should be considered as an organ subject to its own diseases. 
The case recorded in this report might be interpreted as adding further support 

to that concept. 
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Trcnfmcnf— The number of liposarcomas reported has been too feu to 
enable one to fomnlate a rational plan of therapy on the basis of^experience 
Reports on the radiosensitiiity of these tmnoi-s vary greath. Enmg stated th< 
many of them shou considerable radiosensitivity, and he suggested that radia¬ 
tion therapy be used with surgical excision of the residual tumor if demanded. 
Geschickter^ feels that these tumors are radiosensitive, but he does not claim 
that they are cured by that method. He found ultimate recurrence and metas¬ 
tasis to be the rule. Revieu of the reported cases leads one to agree with Acker¬ 
man and meeler- that the value of irradiation is questionable, though some 
tumors have been proved to be definitely radiosensitive.’’ ^ The differing opin¬ 
ions which have been expressed concerning the necessity for radical surgery are 
probably a reflection of the varied pathologic characteristics which liposarcomas 
present. Thus Goormatigh and associates’® believe that the name liposarcoma 
has a more ominous significance for the surgeon than is warranted by the slou 
gronUh of the tumor. Ackerman and Wheeler- observe that the degree of malig¬ 
nancy is not considered as high as that of other sarcomas. ^ ith reference to 
liposarcomas of the breast, de ISiavasquez and HortoiR^ have expressed the opin¬ 
ion that radical surgery is not neeessarj' for long siirmval. On the other hand. 
Starkloff and associates^’ and Worgan'"’ have recommended amputation when 
the lesion is situated in a location where such a procedure can be considered. 
lEcCormick” advises preoperative irradiation and radical surgery, Ackerman 
and Wheeler- propose removal with postoperative irradiation if there is doubt 
as to complete excision. They also suggest that irradiation be tried in inoperable 
cases. The most rational therapeutic program seems to he that outlined by 
Stout,’ who bases his advice on the relative degree of malignancy of the lesion. 
In the well-differentiated tumors he feels that generous local excision is suf¬ 
ficient, for the worst that may happen in this group is local recurrence. In all 
other liposarcomas, consisting as they do of more highly malignant tissues, 
radical surgery is urged. Stout’ does not feel that irradiation is a foi-m of 
therapy which should be entirely abandoned, and the circunrstances of an indi- 
mdual ease may dictate its use. Insofar as mediastinal liposarcomas per sc 
are concerned, the deep-seated location of these tumora makes surgical excision 
even more urgently indicated than in the superficially situated" lesions. In 
attacking these growths surgically the greatest care should be exercised to re¬ 
move the entire capsule and the tissue immediately adjacent to it in order to 
assure the most complete possible resection of all malignant elements.’ 

Prognosis.—Patients with liposarcoma must he oftered a guarded pros- 
nosis. Those Avith a well-differentiated tumor have a favorable outlook as lon^^ 
as the lesion retains its differentiation.’-« The infiltrative nature of these 
neoplasms is shown by their abiUtv- to reeur locally on repeated occasions some¬ 
times after a long free interval.’-’- =’■ «-« Hetastases are the i-nle in the less 

differentiated t>Tes.’-=- =■’- ” They may he by way of either the blood or 

>-mph streams and occur most commonly to the hver and lun-s Metastatic 
lesions may result in death of the patient by invasion of a vital structure or 
from secondary pi-essnre eff-eets. McCormick” has.empha.sized that one mav be 
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deluded into offering a good prognosis in a case of liposarcoma because of its 
apparent encapsulation when such an optimistic outlook is not justified in view 
of the nature of the neoplasm. 

SUMMARY 

A ease of primary liposarcoma of the mediastinum associated with a medi¬ 
astinal lipoma and a subcutaneous lipoma of the anterior abdominal wall is 
reported. This appears to be the sixth case of solitary mediastinal liposarcoma 
to be recorded in the literature. There are only three reported instances of the 
concomitant occurrence of liposarcoma and lipoma, and there is no record of 
the simultaneous occurrence of mediastinal liposarcoma and lipoma. 

The mediastinal tumors were successfullj' resected, making this the third 
recorded mediastinal liposarcoma to be removed surgieallj^ We believe that 
surgical excision is the treatment of choice. 

The litex'ature pertaining to liposarcoma is briefly reviewed. 
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A DEVICE FOR PRODUCING REALISTIC PULSATION OF A 

DEAD HEART 

Robert F. Butterworth, M.D. 
jMelbourxe, Australia 

N ew operative techniques must be worked out as fully as iiossible on the 
cadaver and experimental animal before they can be applied to the human 
being. This is especially true in cardiac surgery where success depends on 
rapid faultless procedure, and there is no margin for clumsiness or error. The 
pioneers of heart valve surgery liave very properlj' recorded cases in which 
death was directly attributable to technical failures.’’ ^ 

Experimental operations on animals are invaluable, but not entirely ade¬ 
quate, since verj’ large dogs are difficult to obtain, the anatom}’ not identical, 
and cases of stenotic valvular disease never found. Operations on the cadaver 
allow study of the anatomic approach, but give no information on such vital 
matters as the control of hemorrhage'or the feel and handling of pulsating 
structures. 

To overcome this difficulty, a simple apparatus has been designed which 
when filled with eitrated blood and attached to the dead heart causes that organ 
to pulsate in a most realistic manner. It can be used in vitro or in situ with a 
minimum of disturbance to the thoracic viscera, and is easily and rapidly con¬ 
nected. The rate and volume of the pulsations may be altered at will. 

The close similarity of the contractions and valve movements thus produced 
in dead dogs’ hearts to those of the living animal has been amply confirmed. 
The findings on digital palpation in a case of mitral stenosis tallied closely with 
those found at operation by Brock.^ 

The procedure has so far been used mainly for experimental mitral val¬ 
vulotomy in the dead human heart. 

construction 

The apparatus (Fig. 1) con.sists essentiall.v of two rubber bulbs of 250 c.c. 
eapacit}’ each, enclosed in an airtight glass fronted box. This latter is con¬ 
nected to a pulsator which alternately compresses and expands the air around 
the bulbs and thus indirectly their contents. 

The bulbs are connected by short wide bore rubber tubes to eanmilac tied 
into the aorta and pulmonary artery, respectively. lilanometci-s arc fitted and 
piessui’C bottles enable any lost blood to be replaced with the apparatus still in 
action. For the sake of clarity only one pressure bottle and cannula setup is 
shown. 

JIETHOD OF setting UP THE APPAKATU.S 

The following aiTangement has proved suitable for experimental mitral 
valvulotom}’. With a little ingenuity it may be adajited for any cardiac 
operation. 

Keceivcd for publication .-Ipril 9, 1951. 
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The aorta is cut off within 2 in. of its origin, and its valve cusps slit trans- 
vei-sely ^dth Jlayo scissors to produce complete incompetence. The pulmonary 
veins are then ligated, and the cannula tied into the aortic stump. The clip ^1 
is then opened, and the left heart and apparatus slowly filled with blood from 
tlie pressure bottle; the ventricle being squeezed all the while to get rid of any 
surplus air. The clip A is then closed, and any remaining air bubbles expelled 



through the dde tube B. It will be found that the auricle slowly fills with bio 
en though the valves are normally competent. A similar procedure is carr 
out ^th the pulmonary artety after the venae cavae have Iteen ligated. ' 
the pulsator is then started and the heni-t ^ . 

to .-.s tot- „ ,„.y be recmred. The prM3„res in eithe” Ito Tthe'w” 
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Should operative procedures result in serious “liemorrhage, ” blood may be 
replaced in known quantities from the pressure bottles udthout interfering with 
the heart in any way. 

When operations are carried out on the mitral valve with the heart in situ 
the aorta may be conveniently reached resecting the first 3 in. of the right 
second costal cartilage and rib. An extension downward through the third 
costal cartilage will bring the pulmonary artery within view. The left chest 
is thus left virgin for surgical procedures. 

DISCUSSION 

With eveiy new operation the mortality declines as experience is gained. 
Anything that will reduce the number of these early disasters and enable the 
inevitable mistakes to be made on the dead rather than the living is worth while. 
The artificiall 3 '' pulsating heart maj'^ tlierefore come to have a definite place in 
the development of new procedures, and in the training of cardiac surgeons. 
With it intracardiac structures maj”^ be examined, and procedures carried out 
on pathologic hearts under realistic conditions. As in no other waj”^ skill may 
be acquired in cutting rapidlj'' moving stenosed valve rings. Serious mistakes 
while entering or leaving the heart cavities will result in torrential “hemor¬ 
rhages ’ ’ exactlj'’ simulating the consequences of mishandling in the living. Also 
emergencies, e.g., the tearing out of the purse-string sutime around the base of 
the auricular appendage, may be deliberatel.v produced to give practice in 
dealing with potential disasters. 

Cardiac surgery units ivill find this simple apparatus ivell worth a trial. 


SUMMARY 

1. The necessity for the utmost surgical skill in cardiac operations is 
strongly emphasized. 

2. Reasons are given whj^ completelj^ adequate exiierience cannot be gained 
on animal or cadaver hearts. 

3. A new apparatus is described for producing realistic pulsations of the 
dead human heart, thus making possible expeiamental operations under almost 
natural conditions. 

4. A method of setting up the apparatus for mitral valvulotomj^ is given. 

5. Some uses for the apparatus arc discussed. 

Ackno-n’ledgement is made to Prof. K. D. Wriglit, Profc.ssor of Physiology iii the 
Uuiversity of Melbourne, both for the provision of experimental facilities and for con¬ 
stant help and encouragement. 
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A NEW OPEEATING CAKDIOSCOPE 
Egbert F. Butterwoeth, liLD., 

2ilELBOUEXE, ATJSTRAUA 

T he value of blind eommisuriotomy in certain tj-pes of mitral stenosis is 
becoming Avidely recognized,^-" but until the valve orifice can be inspected^, 
and tlie commisures cut under direct vision, accidents would seem inevitable/ 
Cardioseopes of the traditional lens-in-tube construction have not proved en¬ 
tirely satisfactory. A new instrument has therefore been devised, which, while 
I’Ctaining the contact vision principle, utilizes the unique light transmitting 
properties of solid peispex (methyl methacrylate). A wide brilliantP illumi¬ 
nated field is obtained through which intracardiac structures can be clearly 
seen in the lirfing animal. 

T his cardioscope (Fig. 1) can be made within a few hours in any laborator.v 
workshop. It has the following important advantages over previous t>-pes. 
(1) Simplicity; the entire instrument, apart from the operating knife, is formed 
from solid perapex of uniform refractive index. (2) The visual field extends 
to the extreme edge of the instrument ndthout obstruction b.v light bulb or 
metal casing. (3) There are no lenses to become misted over or produce aber¬ 
ration. (4) The light source is outside the instrument, it can therefore be really 
adequate, and if necessary replaced in a few seconds with the instrument stiU 
in situ. (5) The tip may be fashioned to any desired plane surface or angle 
(Fig. 3) without distortion or light loss. (6) Polished perspex is easily steri¬ 
lized by immereion in cetyl trimethyl aramoniiun bromide, it does not transmit 
heat, and its water-repellent surface is ideal for contact ndth delicate tissues. 


COXSTRUCTIOX 


The instrument consists of a perspex body containing the cutting mechan¬ 
ism, nith a total weight of 6 oz., and a detachable fight holder. The whole can 
be rapidly taken apart for cleaning. 

The body 101/2 in. long and 1 in. in diameter is made from solid perspex 
rod turned down at one end to form a 2i/o in. operating shaft 1/2 in. in diameter, 
wliich is bored to carry a in- knife and haft. Both ends are very carefully 
polished to a dead flat transparent surface. The light transmitting arm also 
of 1 in. diameter rod is cemented to the main body vrith perspex solutron to form 
a single homogenous unit. 

The knife haft passes through the operating shaft and along a o-roove in 
the body of the instrument to he attached to a spring loaded pbumer This 
avrangement insures that the knife is automatically withdraum into the on- 
cvating shaft when not in use. ^ 


Various types of shaft tip and operating knife that have been msed are 
(Figs. 3 and 4). The hooked kmife (Fig. 4 C) was found espeLlly 

ReceiveO lor publication April 9. 1.351. 
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useful in cutting the mitral valve cusps of normal animals; unlike the others, 
liowever, it has tlie disadvantage of not witlvdrawing completely into the shaft. 
Blunt headed knives are less liable to cause injury, but, unless double edged, 
necessitate the eardioseope being turned through ISO degrees to cut both ends 
of a stenosed mitral orifice. 

The source of light, a 24 watt, 12 volt bulb, is carried in a jacketed holder 
through which water circulates continuously. It is secured to the light tran.s- 
mitting arm by a single screw. 


EXPERIMENTAL USE 

The eardioseope has been tested mainlj”^ on the mitral valves of dogs, being 
introduced via the left auricular appendage using Brock’s purse-string tech¬ 
nique.’^ A verj^ satisfactory view of the valve cusps, chordae tendineae, and 
mitral ring was obtained in every ease, and it was possible to cut tlie valve cnsp.s 
at anj^ desired point. 



Tlie instrument was well tolerated within the auricle for upwards of one 
hour. In one dog, a greyhound, it was passed right through into the ventricle 
and the papillai'y muscles inspected without causing undue disturbance. Since 
the instrument never entirely blocked the mitral orifice thei'e was no violent I'e- 
action like that following the insertion of the index finger.” Dogs whose pos¬ 
terolateral valve cusps had been cut under direct vision made an uninterrupted 
recoveiy. 

Operations on the blood filled cadaver heart showed that a stenotic valve 
could be clearly visualized and accurately cut along the commisures as far as 
the mitral ring. 

In the later experiments a eardioseope with an angulated tip was used. 
This allowed operation to be carried out tlirough a much smaller thoracic in¬ 
cision without any loss of visual acuity. 
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DISCUSSION 

This iiistniment allows oiievatioiis on the nuti'al valve to be carried out 
imder direct vision. It should therefore be especially useful ivheii the valve 
cusps are grossly distorted or calcified. In these cases blind maneuvers some¬ 
times split the valve at its weakest point, i.e., transversely, instead of along the 
commisures, with fatal results.' As with other endoscopic procedures, skill 
comes rapidly with practice and it should be possible to cut a stenosed valve at 
any point desired without risk of damaging the chordae teudineae. 

Every extra maneuver inside an enfeebled.heart must increase the risk 
of a fatal arin-thmia; with this instrument the valve can be inspected and cut 
in one operation. It should be possible to deal adequately with a stenosed valve 
in less than 60 seconds. 



The operating shaft being much thinner and more easily introduced than 
the index finger (diametei-s as little as one-third inch give a fair field of vision), 
other uses suggest themselves. For example, a modified form of instrument 
might be introduced via the innominate artery in cases of aortic stenosis without 
undue interference with the cerebral blood supply. Further work is proceeding 
on these problems. 


SUJIMARY 


1. The necessity for an efficient eardioscope is discussed. 

2. The advantages of utilizing the unique properties of pei-spex are enum¬ 
erated. 


3. Constructional details of the new instrument are given. 

4. Some experiences with the mitral valves in living dogs 
cadaver are described. 


and the human 


5. Certain types of stenosis where operations under direct vision seem 

St™ “■■■ » <« possible 
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Acknowledgement is made to Prof. R. D. "Wright, Professor of Physiology in the Uni¬ 
versity of Melbourne, both for the provision of experimental facilities and for constant Iielp 
and encouragement. 
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NOTICE OF ANNUAL MEETING 
The American Association for Thoracic Surgery 

The Thirty-second Annual Meeting of the American Association for 
Thoracic Surgery will be held May 8, 9, and 10, 1952, in Dallas, Texas. Head¬ 
quarters will be at the Hotel Baker. The Adolphus Hotel and the Southland 
Hotel are near by and will also have suitable accommodations. 

Requests for Hotel Reservations: These should be mailed directly to S. 
Hugh AVhite, Room Reservation Manager, Hotel Baker, Dallas 1, Texas. 

Abstracts for Papers: Abstracts for the presentation of papers at the 1952 
Meeting must be received for consideration by the Program Committee on or 
before Jan. 1, 1952. These abstracts should be submitted in quadruplicate and 
addressed to the Secretary of the Association, Dr. Paul C. Samson, 2938 McClure 
St., Oakland 9, Calif. They should not be sent to the Editor. Abstracts received 
after Jan. 1, 1952, will not be considered. 

Applications for Membership: All correspondence regarding applications 
for membership, including requests for membership applications sliould be 
addressed to the Chairman of the Membership Committee, Dr. Edward M. Kent, 
1107 Clark Bldg., Pittsburgh 22, Pa. Completed membership applications must 
reach Dr. Kent on or before Jan. 1, 1952, in order to be acted upon at the 
annual meeting in Dallas. 



PRDIAEY LY3IPHO:5.IA OF THE LONG 

Ke\tew of the Literattke. Report of One Case, and Addition of 
Eight Other Gases 

YTiua-^m C. Beck, H.D., ant) John C. Beganis, M.D. 

Sayre, Pa. 

P RIMARY lympRoma of the Ivmg is a rare disease. Some case reports are 
to he foimd in series of vai-ions tj-pes of lymphoma, as Sugarhaher^and 
Graver,^ irho found one instance of a primaiy pnlmonary tumor in a series of 196 
lymphosarcomas. Others may be found in some of the series of solitary lung 
tumors, as in Thornton, Adams, and Bloch s- report of tiventy-three eases of 
solitary lung tumor, of n-hich one \ras listed as a lymphoma. Only six reports, 
hon-ever, hare been found in the literature nhich specifically recount indirndual 
cases of primary pulmonary lymphoma. 

To this STOup of six individual case reports vre vrould like to add one which 
we have studied. To add further to the knowledge of the incidence, the behavior, 
and the therapeutic possibilities in dealing nith this tumor, we wrote to fifteen 
surgeons who have had wide experience with thoracic tumors. Of these, only 
five reported that they had seen cases of primary lymphoma of the lung. These 
five surgeons have observed a total of eight such patients, and they have given 
us some of the information eoneeining their results in the care of these. 

IVhile the number of eases, both in the literature and those gleaned from 
the reports furnished by these surgeons, is small, certain conclusions may he 
drawn regarding this rare tumor. The picture which may he drawn from this 
meager information will probably require amendment as more cases are found 
through mass radiographic studies. An analysis of the information available 
of the fifteen cases of which we have knowledge is to he found in Table I. 

Our interest in this subject was stimulated by the following case. 


CASE REPORT 


A 47-Tear-old housewife tos admitfed to 4he Guthrie Clinic Nov. S, 1949, corDplainimr of 
a dull aching pain in the epigastrium, present for two months. The pain was aggravated hv 
most foods, especiallv fatty and leguminous ones. There was neither nausea nor vomiting. 
She had a 10 pound weight loss in the previous two months. Some relief was experienced 
with antacid proprietary drugs. The referring ph\-sician felt that clinically she had a vepric 
nicer. 

Systemic and family review were nnrevealing. There were absolutely no pnlmonary 
sr-mptoms. The physical examination revealed a moderately ohese woman, irith aU physical 
signs negative except mild tenderness in the epigastrium. Extensive laboratory Indies 
revealed only a mild microcytic anemia. The study of the gastric acidity by the caffeine 
method revealed a slight elevation. The blood sedmentatioa rate was norinah The routine 
chest film (Fig. 1) showed a discrete, smoothly rounded shadow in the lower lobe of the ric'ht 
lung near the costophiemc angle about 6 cm. in diameter. The remainder of the lunc fidds 
were clear, and the mediastinal shadow was normal. The radiologic examination “of the 
stomach revealed a constant defect along the greater curvature of the riomach with a 
superimposed on it. 


It ap^^ most hiely that this imtient was suffering from a gastric carcinoma with 
met^tasis to the chest. Therefore, gasfreseopic study with the onerating gastro=cone was 
c^out. Thrs revealed what was believe.! to be a healing gastric^ ulcer ;ria a g;^da5 

From the Sursical Service of the Guthrie Clinia 
Received for puhllcaGon ifay II. l? 5 i. 
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tase. 1110 icmaiadeT of the stomach appeared to be uoriual. Biopsies were takea through 

“i;rpXlo.Lst studied niueteea separate sections of tissue He found the 

epithelium to be completed benign with preservation ^3 ,ome 

stowed the tvpical degeneration found in the ease of a gaHrm ulcer with necro.n an 

conrr:brct^^^^^^ gastroenterologisL tlm pathol- 

o-riM and the ■^ur<^eon. it was decided that an exploratory thoracotomy was m^cat^. 

^ Thoracolmv'was performed through the bed of the seventh rib. The pleura cavx^ 
rvas fold to be ’entirelv free. There was a firm mass palpable in the lower lobe of the ri^ht 
W. There was no demonstrable enlargement of the hilar Uanphatrcs and the -ea.astina 
iL^hatics appeared to be entirely normal. The lower lobe of the lung was resected, m the 

usual manner. 



Fig. 1 ,—^Discrete, smoothlr rounded shadow- in right lower lobe near the costophrenic angle. 

The gross description was a mass, rougldy globular measuring about S cm. in diameter 
(Fig. 2). Surrounding the mass there was normrd lung tissue, containing air. Peripheral to 
the tumor there was some atelectatic lung tissue, hlicroscopicaily (Fig. 3) the lung tissue 
surrounding the tumor appeared approximately normal. The tumor itself was made up of 
lymphoid tissue, consisting of small round cells having a complete absence of stroma with 
exception of some remaining strands of pulmonary tissue. These cells invaded the pleura 
where the tumor was in contact with it, and e.xtended into tlie alveoli of the subadjacent lunf. 
There were small groups of cells simulating foIUcies, but actually circumscribing blood vessel! 
The diagnosis of lymphosarcoma (Bi. C. H. DeWan) was confirmed in the!vnnea Forces 
Institute of Pathology. 

During convalescence from the operative procedure, the patient was placed upon an ulcer 
regimen, and her gastrointestinal s.vmptoms disappeared. Before she was discUaTcred from 
the hospital, a gastrointestinal roentgenologic study was performed and revealed “comolete 
healing of the ulcer. She had been followed on an ambulatory b.asis ivith repeated che=t films 
and studies ot the stomach and duodenum over a jieriod of fifteen montlis. She has been 
m splendid health during this time without any evidences of either pulmonarv or ^adro- 
intestinal disease. . uu 
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Disciission .— 

The adventitious finding of a pulmonary tumor ivas the result of the routine study of 
the chest which is made on all of our patients. The attempt to correlate all findings into 
one disease entity might well have resulted in abandoning this patient as hopeless, ivith 
pulmonary metastasis from a gastric cancer. The reliance placed upon the gastroseopic 
biopsy certainly was proved warranted. 

It IS interesting to note that the patient reported by Herbert C. Maiers was also 
examined because of a chronic gastric nicer. This is, in our opinion, coincidental, but indi¬ 
cates the value of complete examination of eveiw patient. It also emphasizes the value of 
the exploration in all solitary tumors of the lung. 



Fig-. 2.—Gross cut section of lymphoma within the lungr showing- the typical hyaline appear¬ 
ance of lymphosarcoma. 

DLSCUSSION 

In this review' tliere tvere available for study fifteen cases. Six of these 
cases are derived from articles in the literature, eight from reports sent to us by 
surgeons but as yet unpublished, and one from our otvn service. Only one of 
these fifteen is an autopsy report, the others all having been studied, diagnosed, 
and treated during life. In seven we have the clinical background; in these only 
three had symptoms referable to the tumor. The other four were diagnosed only' 
after the tumor was observed in a routine roentgenogram study of the chest. 
The three W'ith symptoms all had cough varying from three months to one year. 
Two of these also had hemoptysis. In one patient there was also extensive 
w'eight loss, weakness, and lassitude. This patient had an extensive involvement 
of the entire upper lobe. Nevertheless, this patient survived a pneumonectomy 
for at least one year. 

The sex incidence showed a moderate preponderance in males. This is 
typical of both lymphosarcoma and lung cancer of otlier types. Thg ages varied 
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from 34 fo 66 years, mMcIi also is tA-pical for both huig cancer and for lympho¬ 
sarcoma. 

Crtologic studies of the sputum were made in four cases, but in none was it 
positive. Bronchoscopy "was carried out in six of the fifteen patients. In three 
it "was reported to be normal. In one it revealed suppuration in the afi!ected 
lobe. In one it showed a nari’oiving and distortion of the bronchus in the affected 
area. In only one ease was the tumor revealed and a positive biopsy tahen. 
This was, of course, the only patient in whom a preoperative diagnosis was made, 
or even suspected. Unfortunatel.v it nas also not resectable. 



_ The ske of the tumoi-s varied greatly. The smallest was reported as bein- 

Most of the tumors were discrete and, although thev showed some Ineoi nu 
...n »..d ,v.,e devoid » o.p,„,o. a,, deL rdtC' J 

normal luns. Onlv four of the fifteen i j ' '-‘'‘‘‘rcfitca trom the 
opotation. tl,om«diaMi,m„„vosinvolvdin a “o£“^^^^^ tho ti„,e „j 

a»d bnip ,„o „„„ distaVnlotJS:’pti 
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Of tJie fifteen patients in this group, tiiirteen were subjected to exploratory 
thoracotomy, and in eleven of these resective surgery was possible. Six were 
treated by lobectomy, while in five a pneumonectomy was peiformed. There 
was no surgical mortality in the group. We do not liave late follow-up studies 
on any of the patients. The two patients vho were e.xplored but wdiere the lesion 
w’as not resectable died at three and at nine months following the intervention. 
In both of these radiation therapy was n.sed but appeared to be ineffectual. One 
patient died of a local recurrence and mediastinal extension four years after 
lobectomy. Of the ten remaining patients, we have some information in nine. 
All appeared to be in good liealth from six to thirty months following the opera¬ 
tion. One patient (Oehsner and deCamp) was alive and well nine yeai's follow¬ 
ing a pneumonectomy. 

sujimary and cON'Ci.usroNS 

Primary lymphoma or lympb.osarcoma of the lung is a rare disease, but 
should be found with increasing frequency with the more widespread use of 
mass radiography. 

The six cases ■which har'e been individuallr' re])orted in the literature have 
been analyzed. To this we have added one case of our owm and eight others 
which were described personally to us by other surgeons. All of these have been 
reviewed from the standpoint of symptomatology, diagnosis, and therapy. 

The diagnosis of pulmonary l.vmphoma can be made onl.y after the tumor 
has been surgically explored. 

The therapj' appeal’s to be resective surgery. It is impossible to state from 
this review ■^vhether there is anj^ advantage in pneumonectomy over lobectomy. 
It appears, however, that lobectomy is probably adequate if the le.sion is periph¬ 
eral and small. 

It is impo.ssible to evaluate tlie re.sults of radiation therap.v in this disease. 
It would appear at least that its place is certainly secondary to resective surgery. 

The importance of the surgical exploration of solitary lung tumors is 
stressed, even when it a])pears that tliese may be secondary to another focus. 

IVe would like to e.\’press our appreciation to Hrs. Jloses Belirend, Artliur Touroif, 
Richard Overholt, Reeve Betts, Brian Blades, Alton Oehsner, and Paul T. deCamp for their 
kindness in furnishing information of their cases. 
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RESULTS lY 278 PATIENTS WHO HAD THE :M0DERN TYPE OF 
THORACOPLASTY FOR TUBERCULOSIS 

FoLLOW-tT OF Liyes-g Pauents Five to Fifteen' Y'e.vks After Operatios 

WILUA5I :^L Lees, H.D..* Stephen C. H. Yang. :iLD. (by in-titjition) , 
Michael P.apoflakos. 3.I.D. (by inyit.ationR .John Alexander. 31.0.. 
AND Angel L-irr-llde. 3I.D. (by invitation) 

Ann Arbor, 3ticH. 


T he scarcity or inforniatiou about the long-term i-esiilts obtained from 
thoracoplasty in pulmonary tuberculosis prompted us to undertake this 
study,' Reports from different clinics have appeai-ed i-ecently Avith increasing 
frequency, but feiv. if any. are based upon folloir-up examinations made five 
years or more after the performance of the so-called modei-n type of thoraco¬ 
plasty (as described by Alexander^). 

Because of the great difficulties that uould be encountered in foRouing 
patients after their return to many different sanatoria, it mas decided to study 
only those patients mho had been referred to the University Hospital by the 
Michigan State Sanatorium, at Hoivell. 3Iich.. and to mhich almost all of them 
rctiu-ned for their convalescence. 

The nse of patients only from the TEcliigan State .Sanatorinm permitted us 
to study a relatively large group of persons mho ivere follomed actively by the 
Outpatient Department and all of mhom had cultures made of sputum or gastric 
contents. All the patients mere transferred to the University Hospital for opera¬ 
tion and all the thoracoplasties mere performed betiveen Jan. 1, IDS.J. and Jan. 
1. ini-o. January. 193o, mas chosen as the beghining date for this study as the 
modern type of thoracoplasty had become routine by that time-. Jauuar'v. 1945. 
mas selected as the terminal date as a minimum five-year follom-np could therebv 
be secured, smce the study mas completed at the end of 1949. 

Three hundred seventeen patients from the 3I5chigan State Sanatorium 
had a total of 1.3SS stages of thoracoplasty performed hv various members of 
the tho racic surgerj- staff of the University Hospital. All patients mho mere 
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not known to be dead were sent questionnaires in order to establish contact 
with them. Most of the ])atient.s i‘eturned to tlie sanatorium for a check-np 
examination. Some did not return due to the long travel time required by 
the location of their homes, or were unwilling to come. For this group, we 
an-anged to have a roentgenogram made near their homes and sent to us. Also, 
one or more sputum specimens were collected and sent either to the klichigan 
State Sanatorium or to a near-by’" state laboratory for culture, and the reports 
tvere then sent to us. If any patient had had a positive sputum culture at any 
time after discharge from the sanatorium, three specimens w’cre required from 
him before he w’as considered negative. 

Thirty-nine patients did not answer the questionnaire, and no information 
about them could be obtained tlirough local liealth authorities, local chapters 
of the National Tuberculosis A.ssociation, or tlie police. Since follmv-up data 
of more than five years rverc not available about them, they have been excluded 
from the study, leaving 278 patients for analysis. We feel that this is reason¬ 
able, since a study of the ease records strongly suggests that the majority of 
these thirty-nine patients w’ere progressing favorably. Thirteen patients of this 
group were followed for less than one year after operation, and only one re¬ 
mained positive {three had negative cultures, and nine had negative concentrates) 
thirteen were follow’cd for one to tw'o years (one remained ])ositive, two had nega¬ 
tive cultures, and ten had negative concentrates); ten were followed two to three 
years (one remained positive, six had negative cultures, and three had negative 
concentrates); three w’ere follow'ed for three to five years (three had negative 
concentrates); the patients mentioned above as having negative concentrates had 
no cultures made since the study of their sputa w'as pm'or to 1940 w'hen routine 
cultures were begun. A number of them w’ere migrant Mexicans and Indians, 
and eight others had mo%’ed to other states. Therefore, to list the thirty-nine as 
dead w’ould, W’e feel, give a falsely unfavorable impression of the value of 
thoracoplastjL Nineteen other patients failed to answer the questionnaire, but 
are included in this study because ive had adequate data about them five years 
or more after operation. 

Of the 278 patients in this study there rvere 145 men (52.2 per cent) and 
134 women (47.8 per cent). The youngest patient was 12 years old and she 
is now W’ell, has a moderate scoliosis, is married, and has borne children. The 
oldest patient, nmv dead, was 64 years old at the time of operation. Table I 
gives more details concerning tlie age distribution. 


Table I. Ace Groucs bv Decades 


Number of Patients 
% of Total_ 


10-19 

21 

7.5 


20-29 30-.39 40-49 50-59 64 

106 84 4S 18 ■ 1 

38.1 30.2_^17.3_6.5 0 4 


The majority of the patients were white (258, or 92.8 per cent). Tliere 
were nine Negroes (3.2 per cent) and eleven Jle.xicans or Indians (4.0 per cent). 
Two hundred thirty of tlie patients (82.7 per cent) had bilateral disease. 
4 mong these, the lesion in the contralateral lung was apparently active in 115 
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(41.4 per cent), and in three of the 115 the lesion was oh^ionsly p^gressive 
Fifteen of the 230 had cavities Aisihle in the so-called “better Inng. Ijnilatera 
disease was present in forty-eight; twenty-two in the right and twenJ*-sLX on 
the left. Operation was performed on the right in 132 patients, and on the 

left in 146. 

Among the 278 patients, positive sputum was present in 263 (.14.6 per 
cent). Fifteen patients (5.4 per cent) had negative sputa, even though eleven 
of these had visible cavities by roentgenogram. The thoracoplasties of these 
fifteen patients were performed before 1940, and so cultures were made in only 
eight mstances; in three only smeai-s were used, and in four concentration of 
the sputa was utilized. 

The amount of sputum raised by the patients varied considerably. In 
general, it may be stated that 157 patients (56.5 per cent) brought up less than 
25 Gm. daily and thirty-one patients (11.1 per cent) raised more than 100 Gm. 

One hundred eighty-nine patients (67.9 per cent) had been in the sana¬ 
torium for two years or less when their thoracoplasty was performed. Eighteen 
patients (6.5 per cent) were treated for three months before thoracoplasty, 
36 patients (12.9 per cent) for three to six montlis; 75 patients (26.9 per cent) 
for six to twelve months; 60 patients (21.6 per cent) for one to two years; 29 
patients (10.4 per cent) for two to three years; 26 patients (9.3 per cent) for 
three to four years; 18 patients (6.5 per cent) for four to six years; 7 patients 
(2.5 per cent) for six to eight years; 9 patients (3.2 per cent) for more than 
eight years. During this time, these patients had had, in addition to bed rest, 
pneumothorax (ivith or without pneumonolysis) or a temporary phrenic nerve 
interruption in a large majority of instances. Pneumoperitoneum was not used 
in any patient. Streptomycin, penicillm, or other antibiotic sirbstance was 
not utilized either before, during or after operation. 

On the side of the thoracoplasty 57 patients (20.5 per cent) had moderately 
advanced tuberenlosis, and 221 (79,5 per cent) had far-advanced lesions. Four 
had exudative lesions and 87 were of the pneumonic type, while 186 were of 
the productive type. One patient could not be classified. The disease was 
limited to the apical portion of the hmg in three patients; to the upper one- 
third in 53 patients; to the upper one-half in 55 patients; to the upper two-thirds 
in 75 patients; to an entire lung in 87 patients; to only the middle third in one 
patient; to the lower one-half in one patient; to the lower two-thirds in two 
patients; and one patient could not be classified. 

One or more camties were seen on the preoperative roentgenograms of 236 
patients (fourteen of these patients had a complicating empyema). Among the 
278 patients, cavities which were msible at one time were no longer definitely 
recognizable in twenty-sLx. Sixteen patients never had a visible cavitv (plani- 
grams were not in use at this clinic prior to 1946). A majoritv o/patients 
(lol, or o,.9 per cent) had one camty. Table II demonstrates the nmnber of 
cavities shortly before operation. 

Table III lists the variations in the greatest diameter of the cavities The 
patieiu with the largest cavity (12 cm.) was alive eleven years aS thorlo 

‘ s ., la negative sputum cultures, and no cavity was visible on the roent- 
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Table II. Number op Cavities Seen Preoperatively 

NUMBER OF CAVITIES _)_ NUMBER OF PATIENTS 


None 

42 

1 

151 

2 

24 

3 

14 

i 

6 

5 

1 

More than 5 

12 

Moth-eaten appearance 

18 

Unknown 

10 


genograni. T]ie majoritj’- of the cavities were round or oval and had moderate 
to extensive parenchymal infiltration about tliem. Ten of the cavities were 
classified as partly blocked and fluid levels could be demonstrated in all of them. 


Table III. Cavity Sizes 


CAVITY SIZE 

1 NUMBER OP patients 

No cavity 


42 


Less tlian 1 

cm. 

24 


Less tlian 2 

cm. 

51 


Less than 3 

cm. 

53 


Less tlian 4 

cm. 

50 


Less than 5 

cm. 

28 


Less than 6 

cm. 

17 


6 to 8 

cm. 

9 


8 to 10 

cm. 

3 


12 

cm. 

1 


In the contralateral lung. 

the tuberculosis Avas classified as minimal in i 


patients, moderately advanced in 103 patients, far advanced in 44 patients, and 
no disease in 48. As previously mentioned, the contralateral lesions were active 
in 115, and 15 patients had A'isible cavities. Seven additional patients had had 
cavities in the so-called “better lung” but tliej’^ Avere not A'isible on the immediate 
preoperative films. The greatest number of cavities in this group Avas 2, and 
the largest Avas 7 cm. in diameter. 

The data mentioned aboA^e are listed merelj^ to sei’Am as an indication of 
the Amrious types of lesions found in this 278-patient group. A correlation 
betAveen these data and the results is not presented since there would be too 
fcAV iiatients for the many diAdsions. 

Tuberculous bronchitis Aims noted preoperatively in 76 patients. A detailed 
study of this group is still being carried on even though a group this small may 
not be of statistical importance. Tliirty of the patients had bronchial lesions 
on the side of tlie contemplated tlioracoplasty Avhicli Avere very localized; IS 
Avere moderately extensive; and 7 Avcre very extensive. Ten patients had 
bilateral bronchial involvement Avith 7 of the lesions in the contralateral side 
described as very localized, 2 as moderately extensive, and one as very extensive. 
A decrease in the caliber of the involved bronchus Avas noted in 27 patients. 
The lumen of the bronchus Avas described as being reduced by 50 per cent or 
less in 17 patients, and 85 per cent to 95 per cent in 3 patients. Of the 76 
atients with tuberculous endobronchitis, 53 were found at the time of this 
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follow-up study to be aliye and 23 were dead. Of those alive, 9 patients were 
working full time more than ten yeai>s after operation, considered themselves 
well, and all but one (wdth intermittently positive sputum cultures) had nega¬ 
tive sputum-, 20 Avere well and Avorking full time more than five years after 
operation and had negative sputum-, 10 Avere well hrit stated that they worked 
part time (7 had negative sputum, one became negative after a lobectomy, and 
2 had intermittently positive sputum) -, 5 patients stated that they' Avere short 
of breath (3 had negative sputum, 2 Avei-e positiA'e on culture only, and one of 
tlie latter had a Aisible cavity beneath the thoracoplasty' but refused further 
treatment); 8 patients failed to answer the questionnaire but all had had 
negatiAm sputum cultures more than five years since thoracoplasty'; one patient 
is still in the sanatorium AA-ith positive sputum and a draining cavemostomy. 
Thus, of the 53 patients stiU alive, 46 have negative sputum cultures and o5 
consider themselves well and are Avorkuig. Of the 23 patients who died, 5 Ihmd 
more than five years after operation, 7 Ih'ed three to five years, 5 Iwed one to 
three years and 6 lived less than one year. The causes of death in this group 
are listed as f oUoavs : 

12 patients had a spread or exacerbation of their disease and died of 
progressing tuberculosis; 

3 patients died of cardiorespiratory decompensation; 

2 died from accidental causes (aniline dye poisoning and pontocaine 
poisoning during anesthesia for bronchoscopy) -, 

1 died as a suicide; 

2 died from tuberculous meningitis; 

1 died of a bronchoesophageal fistula which required gastrostomy*; 

1 died from the combination of an infected wound and atelectasis; and 

1 died from an mikuown cause. 


To compare the results Ailth the other patients Avho did not have tubercu¬ 
lous bronchitis Avould be misleading since these seventy-si.v patients are a 
highly selected group in AA-hich the ty-pes of tnbercnlous bronchitis that Avould 
contraindicate thoracoplasty are not represented. 

The Semb extrafascial apieolysis was added to the thoracoplasty in 63 
patients. Of these, 21 are dead and 42 are alive. An attempt was made to 
perform this procedure in 6 additional patients, hut it was not possible to do 
so. Of these 6 patients, 5 are alive and one dead (not as a direct result of the 
attempt). Five patients in whom the Semb apieolysis Avas performed developed 
infection in the subseapular space and two of these are alii'e. We cannot be 
at all certain that the infections were a direct result of the procedure since 
other factors Avhich might have contributed toward the infection were present 
in all the patients. 


In a raa,iority of the 2.8 patients the indication for the thoracoplasty Avas 
cavitary disease (216 or 77.7 per cent). Other indications were: failure of 
pnenmothorax (or any other treatment) to control the disease (no cavity bein- 
Aisihle), 3o patients (12.6 per cent); empyema Avith a caAutv in the i6 
patients or .o., per cent; empyema Avithout parenchymal cavitv. 7 patients or 
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2.5 per cent; to oblitei’ate an extrapleural space (not empyema), 2 patients or 
0.7 per cent; repeated hemoptysis (sputum negative), one patient; unexpanded 
lung under pneumothorax space, one patient. 

The nnmlier of ribs removed varied according to tlie extent and type of 
the lesion. Table IV. lists the number of ribs from Mdiich segments were 
removed. 


Table IV. Extent op the Thoracoplastv 


number op ribs 

1 NUMBER OF PATIENTS 

3 

13 

4 

20 

5 

25 

6 

29 

7 

67 

8 

72 

9 

31 

10 

16 

More than 10 

5 


To obtain better collapse wliere fe\ver than seven ribs were I’emoved, a por¬ 
tion of the scapula was removed in 31 patients. A complementary anterior 
thoracoplasty of the Haight tj^pe® ivas performed in 158 of the 278 patients. 
The majority of these included three or four ribs (144), but in 4 patients two 
ribs were removed, in 5 patients five ribs were removed, in 2 patients six ribs 
were removed, and in 3 patients seven ribs were removed. Formalin (10 per 
cent) was applied to the periosteum after the ribs were removed in order to 
delay or prevent regeneration of the periosteum. This was done in all cases 
onlj’’ in the area between the axillary border of the scapula and the bases of 
the transverse processes. Care was exercised not to apply the formalin anterior 
to the axillary border of the scapula where it might result in a soft chest wall 
and complicate the postoperative convalescence. In practically every instance 
the interval between stages was three weeks. In a large majority of patients 
the anesthetic agent was nitrous oxide-oxygen-ether, supplemented by inter¬ 
costal nerve block ndth 1 per cent procaine. 

Accidents occurring during operation were few. The parietal pleura was 
torn in six patients; the internal mammary artery and vein and the first inter¬ 
costal arteiy were each torn once; a root of the brachial plexus was injured 
once (recoveiy was complete); and an empyema space was entered once. 

Postoperative convalescence W'as studied under two headings; parenchymal 
and extraparenchymal. In the former category, atelectasis occurred on tlie 
side of operation in 2 patients, spread or reactivation of the disease occurred 
in 34 patients, A detailed report on this subject has been made by Yang and 
Lees^; two-thirds of the patients suindAmd the spread, and about one-third died. 
The extraparench 3 'inal complications consisted of: pleural effusion on the side 
of the thoi’acoplasty in 6 patients; effusion on the contralateral side in 3 pa¬ 
tients; empyema on the side of operation in 3 patients; tuberculous wound 
infection in*6 patients; pj'ogenic Avound infection in 25 patients (many of these 
'ere loeali/.ed stitch abscesses which healed readily); Avound liemorrliage sliortly 
Ifter operation (controlled Avith pressure dressings) in 2 patients,- ,, 
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postoperative course (no pns noted) in 6 patients. Scoliosis at tlie time of 
foUoxv-np ivas minimal in 59 patients, mild in 66 patients, moderate in 104 
patients, severe in 19 patients, and none veas noted in 30 patients. None of 
the patients ivith severe scoliosis ivas disabled by it. 

Seventy-five (27.0 per cent) of the 278 patients are dead. Tiventy-three 
of these died more than five yeai-s after thoracoplasty. Table \ lists the time 
of death after the last stage of the operation, and Table YI lists the causes 
of death. 


Table V. Tote or Death After Opeeattov 


length or TIME 

\ NUMBER OF PATIENTS 

Less than 3 months 

10 

3 to 6 months 

s 

6 to 12 months 

0 

1 to 2 vears 

10 

2 to 3 rears 

s 

3 to 5 rears 

11 

5 to 13.5 rears 

23 


Table VI. Causes op Death 


Progressive tuberculosis on unoperated side 

ir 

Exacerbation of lesions on operated side 

9 

Spread to lung on operated side 

6 

Cardiorespiiatorr decompensation 

14 

Extrapulmonary tuberculosis 

6 

Nephritis and amyloid disease 

4 

Tuberculous meningitis 

3 

Suicide 

s 

Accidental death hr poisoning 

O 

Operative complications 

o 

Extrapulmonary carcinoma 

0 

Leucemia 

I 

Enhnown 

6 


Thus, from Table YI vre note that 17 patients died of progressive tuber¬ 
culosis in the lung on the unoperated side, 15 patients died of progressive tuber¬ 
culosis of the operated side, and 14 of cardiorespiratory decompensation. 
Among the 6 patients vrho died of extrapulmonary tuberculosis, 4 had active 
pulmonary lesions and 2 appeared stable shortly before death. Tuberculous 
meningitis claimed 3 patients; one died sLv -weeks after the last stage of his 
thoracoplasty, thoracoplasty vas performed for a second patient to prevent 
continued seeding of lesions on the better side ivhieh -n-ere clearing satisfac¬ 
torily, but a spread and reactivation occurred. Death from the menindtis came 
three months aftenvard; the third patient died four months folloiving the last 
stage of his thoracoplasty. Death from poisoning occurred in one patient from 
absorption of aniline dye used industriaUy and in another patient during anes¬ 
thetization nith pontocaine solution prior to a eheek-up hronchoscopv''for a 
previously existing tuherculons bronchitis. One of the rivo deaths from opera 
live complications occurred in a patient mho was having a thoracoplastv per¬ 
formed over a pi-eviously performed extrapleural pneumothorax which-dd not 
control the Uiberculosis. A bronchopleural fistula developed and was listed as 
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the cause of deatli; the otlier death was due to bilateral atelectasis in a patient 
who would not or could not cooperate in raising his sputum and died twent}'- 
four hours after operation. 

Thirty-three patients died twenty-four hours to two years after the thoraco¬ 
plasty ; 15 from progressive tuberculosis after an exacerbation or spread; 6 
from cardiorespiratory decompensation; 3 from tuberculous meningitis; 2 from 
operative complications; 2 from suicide; 1 from nephritis and amyloidosis; and 
4 from unknown causes. 

Forty-two patients died at varying intervals from two years to thirteen 
and one-half years. Tlie patient, who lived thirteen and one-half years after 
operation, died of cai-cinoma of the uterus. Eight patients died two to three 
years after operation (3 from progre.ssive tuberculosis in the unoperated lung, 
one from an exacerbation in the operated side, 2 from cardiorespiratory decom¬ 
pensation, 1 as a suicide, and 1 from nephritis and amyloidosis); 11 patients 
died three to fiAm years after operation [8 died from nontubereulous causes as 
follows; cardiorespii-atoi-y decompensation (1), accidental poisoning (2), acute 
appendicitis (1), neurosyphilis (1), pneumonia (1), leucemia (1), and hjTei'- 
tenstye heart disease (1); and 3 died from progressive tuberculosis]; 23 patients 
died in from five to thirteen and one-half years (10 from progressive tuber¬ 
culosis, 4 from cardiorespiratory decompensation, 1 from intestinal tuberculosis, 
1 from a cerebral-vascular accident, 1 from a bronchoesophageal fistula, 1 from 
hypertensive heart disease, 1 from a nontubereulous pneumonia, 2 from extra- 
pulmonary carcinoma, 1 from severe diabetes, and 1 from an unknown cause). 
Of this last mentioned group of 23 patients 11 Avere discharged from the sana¬ 
torium as apparently arrested, and later died of nontubereulous causes. Four 
Avere discharged against medical advice A\'ith quiescent disease, and later died 
of progressiA'e tuberculosis; 4 Avere discharged as apparently arrested and died 
later of reactivated lesions; 1 Avas discharged as quiescent (intermittently posi- 
tiim sputum cultures) and died later of intestinal tuberculosis; and 3 patients 
AA^ere never discharged and died in the sanatorium of tuberculosis. 

Nineteen of the 75 patients Avho aie dead had negative sputum at the time 
of the.folloAV-up examination. HoAA'ever, 11 of these 19 had pulmonary or in¬ 
testinal lesions AA^hich appeared actNe by x-ray examination. We can say, 
therefore, that onlj'^ 8 of the 75 patients probablj’- had truly negatiA^e sputum. 
The causes of death listed for these 8 patients are: carcinoma of the uterus, 1; 
seA^ere diabetes, 1; nontubereulous pneumonia, 1; cerebral-vascular accident, 1; 
and cardiac disease, 4. 

If Ave consider three months after operation as the maximum pex-iod of 
time during Avhich death may be attributed directly to the thoracoplasty, there 
Avere 10 such patients, an early mortality of 3.6 per cent. Among the 65 patients 
AAdio died more than three months after operation, 26 (9.4 per cent of 278 
patients) died of nontubereulous causes, 33 (11.9 per cent of 278 patients) 
died of tuberculous causes, and 6 died of unknoAAm causes. 

Of the 203 living patients, 6 had lesions AA'hich never healed. Three of 
these AA’-ere bronchoscoped and 2 AA-ere demonstrated to have tuberculous bron¬ 
chitis. The third patient was believed to have an inA-isible cavity, and eight 
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years after thoracoplasty had a lobectomy with prompt conversion of the spntnm 
and persistently negative cultures, during the one and one-half years since the 
lobectomy. This patient is, of course, considered as a thoracoplasty failure. 
Three patients were not bronchoscoped; two of them had had blocked cavities 
preoperativelv. and tuberculous bronchitis was suspected as the cause of the 
unhealed lesions. The third patient was known to have tuberculous bronchiee- 
tasis. 

Interpretation of the roentgenograms of the 203 living patients from five 
to fifteen years after the last thoracoplasty stage showed that 181 (65.1 per 
cent) of tL whole group of 2TS patients and 89.1 per cent of the 203 living 
patients apparently had inactive lesions, and without cavitation. Twenty-two 
patients apparently had roentgenologicaUy active lesions. 

One hundred seventy-four patients had negative sputum cultures at the 
time of the follow-up examinations (62.5 per cent of the whole group of 278 
and S5.7 per cent of the 203 living patients). These figures include 23 patients 
who had no sputum (although when it had been present it was negative on 
three successive monthly cultures) and who did not have follow-up cultures of 
gastric contents either because they refused or because it seemed impractical 
to require them to go without breakfast, or without breakfast and limeh before 
making a more or less long trip to the sanatorium Outpatient Department. In 
addition to the 174 negative patients, there were S patients who died from 
causes unrelated to tuberculosis (as listed above) and whose follow-up cultures 
had been negative; if these 8 are added to the 174, as we believe they should 
be, 182 (65.4 per cent of the whole group of 278 patients and 89.6 per cent of 
the 203 living patients) have or had negative cultures. 

Upon revie^ving the patients’ answers to the questionnaires certain in¬ 
formation was gathered. Nineteen patients, however, failed to answer or sent 
inadequate answers; we learned indirectly that 5 of them' were apparently 
well and were working; the data about these 19 patients were therefore obtained 
from the records of their last examinations, all of which were five years or more 
after operation. 


Among the 203 firing patients, 134 (66.0 per cent) considered themselves 
well, and they were doing full-time work. Forty-four additional patients also 
considered themselves well but 23 (11.3 per cent) were doing only part-time 
work and 11 (5.4 per cent) stated they could not work (the majority of these 
were more than 60 years of age). Ten patients were still in the sanatorium 
^yhen the study was completed; several of them have since had resection opera¬ 
tions, the results of which are not included in this report. Six patients are 
living but not well; 3 of these six patients have negative sputum and apparentlv 
healed lesions by roentgenogram, but they are dyspneic. 

Since the study was completed in 1949. we did not utUize the 1950 NTA 
classification. Utilizing the National Tuberculosis Associations classifieatim in 
force prior to 19.i0, the 278 patients may lie listed as follows; 


Apparently cureO 
Arrested 

Apparently arrested 


1-JO (50.3 per cent) 
9 ( 4.3 per cent) 
36 (12.9 per cent) 
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Quiescent 

Improved 

Worse 

Dead 


2 ( 0.7 per cent) 

11 ( 3.9 per cent) 

5 ( 2.0 per cent) 

75 (27.0 per cent) 

SUMMARY 


1. Two Inuidred seventy-eight patients who had the modern type of 
tlioraeopiasty were folloived from five to fifteen years after operation. 

2. Little difference was noted with regard to sex or side of operation, there 
being about 50 per cent of each. 

3. No streptomycin or penicillin Avas used in the group either before or 
after operation. 

4. The major indication for thoracoplasty Avas cavitary tuberculosis. 

5. Seventy-six patients had tuberculous bronchitis; 53 of these patients 
are alive (46 have negative sputum); 23 patients are dead (5 lived more than 
5 years after operation). 

6 . Spread or reactivation of disease occurred in 34 patients. Of these 
about tAAm-thirds survived and one-third died. 

7. Seventy-five (27.0 per cent) of the 278 patients are dead. 

8. Tavo hundred three patients are Ihdng; 174 (85.7 per cent) of them 
have negatNe sputa. If the 8 patients Avho died from nontuberculous causes 
but AAdio had negative sputa are added, the figure is 89.6 per cent of the 211 
patients. 

9. According to the NTA classification in use Avhen this study Avas com¬ 
pleted (1949), the 278 patients may be listed as folloAvs; apparently cured, 
140 or 50.3% ; arrested, 9 or 4.3%; apparently arrested, 36 or 12.9%; quiescent, 
2 or 0.7%; improved, 11 or 3.9%; Averse, 5 or 2.0%; dead, 75, or 27.0%. 

AA^e wish to express our appreciation to Dr. Edward AV. Laboe, formerly director of 
the Michigan State Sanatorium, for his splendid cooperation in placing at our disposal the 
laboratory and clerical facilities required. In addition, acknowledgement is made of the 
services of the late Dr. Edward Pinch who examined tliose patients who returned to the 
Outpatient Department of that sanatorium and who aided in the interpretation of tlie films 
mailed to the sanatorium. 
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DISCUSSION 

COL. .TAMES H. FORSEE, Denver, Colo.—This splendid paper so well presented by 
Dr Lees is a distinct addition to our information relative to foUow-up data pertaining to 
thoracoplasty. AA'c have recently undertaken an attempted survey of thoracoplasties per¬ 
formed over a long period, from 1927 through 1946. Tliis, of course, represents various 
tvnes of thoracoplasties performed during those years, and we have had the very valuable 
psLtance of the National Research Council in making this folio,v-up study. 
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(Slide) There is a total of 514 patients, military personnel, who have been follo^^ea 
at a 97 per cent follow-up rate. There is one thing very positive in the interpretation ^ 
such data and that is whether or not the patient is dead or alive. Forty-seven per cent of 

the entire group are dead. - - i, 

(Slide.) Follou-ing the era of streptomycin, beginning in 194 1 , we have the foUouiug 
data of course in a much shorter follow-up period, and doubtless as we continue to follow 
these patients we will fmd that more and more deaths will be added to that column. How¬ 
ever, of 172 patients operated on in 1947 and 1948, 9 per cent arc dead. If we eliminate 
those operated on for tuberculous empyema the death rate is 6 per cent. 

IVe have employed the tipe of tlioracoplasty standardized by Hr. Alexander and his 
group, and we have not found it desirable to date to combine thoracoplasty at the time of 
lobectomy. 


DE. EOBEET PANNIEE, Bruges, Belgium.—I am very grateful to the Association for 
allowing me to take part in this discussion. 

Ill relation to Dr. Lees’ very interesting paper, I should like to say a few words on 
the late results of thoracoplasty as they came out of a recent follow-up of 1,13 ^ cases 
operated upon between 1926 and 1948, in the chest department run by Dr. DeWinter at 
the St. John’s Hospital in Bruges (see Ada Tvhcrc. Belpico, 1950). In so far as 
indications and operative technique are concerned, this is a verj' uniform group because 
ail the cases have been selected by one man, Dr. DelYintcr, and were operated upon by 
only two surgeons, the late Professor Sebrechts, until 1948, and then by one of his former 
assistants, Dr. Deems. 

The technique has changed very little since 1980. Time does not permit me to go 
into details. However, I should like to stress two points: first, statistics compiled year 
by year show that in the group of patients who have successfully undergone thoracoplasty 
(this means that they were still alive three months after operation) most of the later 
deaths occurred in the first three years following the operative procedure. These figures 
are naturally more severe in the poor risks than in the good risks. Those who have suc¬ 
cessfully undergone that period of consolidation, as we call it now, may e.vpect a long 
survival. 


7 patients are alive for more than 23 years 
9 patients are alive for more than 21 years, and 
7 patients are alive for more than 20 years. 


These were not all good risks and it is interesting to note tliat of that small group of 
22 patients, 4 were poor risks, a severe cases with extensive bilateral disease, and 3 had 
a bronchopleural fistula with empyema. 

In 1949, the results for the entire group of 1137 were as follows: 


Of the good risks 

Of tke moderate risks 
Of the poor risks 
Of extensive bilateral disease 
Of bronchopleural fistula and empyema 


70 per cent are alive for 23 to 3 
years after operation 
57 per cent 
27 per cent 
33 per cent 
26 per cent 


The second point I should like to stress is that those who die after that three-vear 
cousolidation often die of tuberculosis, but not necessarily of puiraonarv tuberculosis Some 
have been well and working for ten to twelve years after operation 

I am very sorry not to be able to show the photograph of'a group of 31 patients who 
were presented at a meeting m 1931, who had had their tlmracoplastv one to four vraxs 
previouslj. I have no slide with me, as I did not expect to have an opportunity to prLent 
It here, and there is unfortunately no epidiascope available In 1950 22 of thnJ si ^ 
are still alive and well, now for more than nineteen years. Of the g it d ed 
an accident m 1935; one died of heart failure in 1945; and seven died of tler^uToi “ 
1 after 

1 r. ' years 

1 after „ 

9 years 
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2 after 10 years 

1 after 11 years 

1 after 12 years 

1 after 17 years 

This shows that we do not always cure the patient—in many cases we only arrest the 
disease; sometimes, however, for many, many years. 

DB. CAMERON HAIGHT, Ann Arbor, Mich.—As you know. Dr. Ale.vander’s group 
has been very much interested in the subject of thoracoplasty. We believed when this study 
was undertaken that it would be timely to learn the late results of thoracoplasty, particularly 
in view of the increasing use of pulmonary resection, so that it would enable a comparison 
of the late results of thoracoplasty with at least the early results of resection. There are 
two points that I would like to stress in connection with the cases Dr. Lees has presented. 

It is well known that the results of thoi-aeoplasty can be considerably influenced by 
the selection of cases that give the most promise of success. In this regard I would like 
to say that the cases which Dr. Lees has shown have been chosen not because it was felt 
that they would necessarily obtain a good result, but in a number of instances because nothing 
else could be done. We have often accepted what we consider to be extremely poor risks 
for thoracoplasty, including patients with a very low respiratory reserve in whom it was 
problematic if the desired amount of collapse could be obtained. It is interesting, then, to 
see the late results in cases which include many' substandard indications. 

In the evaluation of any type of therapy for tuberculosis, the longer the cases are 
studied the less satisfactory the results will be. This was the reason that patients operated 
on in the last five years have not been included, as it was desired to study only late results. 
This series illustrates the decreasingly favorable results with the passage of time and, there¬ 
fore, the results cannot be compared with those obtained within three to five years after 
operation. 

At the present time we continue to rely- greatly on the use of thoracoplasty in the 
treatment of pulmonary tuberculosis. The actual number of cases of thoracoplasty, however, 
is less than formerly, inasmuch as approximately one-half of the patients for whom mayor 
surgery is indicated are now treated by resection. A problem which bothers us greatly at 
present-—and I believe that the answer has not yet been reached—is the choice of procedure 
in the treatment of large inflation cavities; that is, wliether resection should be done or 
whether they should be treated by’ thoracoplasty with the hope that the thoracoplasty will 
be effective. At present, we are using the latter plan with certain exceptions, thereby reserv¬ 
ing resection for those cases in which thoracoplasty has failed. 

DR. LEES (closing).—I wish to thank the discussors. Unfortunately’, time did not 
permit going into gi'eat detail about the causes of death; they will be listed in the paper. 

With regard to Dr. Pannier’s mention that the late cause of death in the majority of 
instances in his study was due to tuberculosis, our results are not entirely thus. Approxi¬ 
mately one-third of the patients died within a year, those deaths being due, in the main, to 
progressive tuberculosis. Approximately one-third of the patients died within one to three 
years, in the majority of instances from tuberculous causes. The rest of the patients, 34, 
died three years or more after thoracoplasty. Of these last mentioned patients, 10 died of 
tuberculosis; eight from progressive tuberculosis in the contralateral lung, and tw’o from 
reactivated tuberculosis beneath the thoracoplasty. 
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T he problem oi tmespardable Itmg afier pnetunoTiorax and its complica¬ 
tion, ■tn.berenlo'a? empyema, is a serious one. Ee-derr oi the literature 
reals that bO to 70 per c-ent oi all pnenmotboraees derelop Enid at some time,*'- 
Fnrtliennore, iolloning pnenmonolras, abont 50 per cent oi tbe patients de- 
relop more or less peisistent duid.^' The irritating enect of this fluid results 
in tbe derelonment of a Sbrous membrane on tbe riseeral and parietal pleuras 
trnieb sometimes prerents re-enpansion of tbe lung, nrben pnetunotboras treat¬ 
ment is discontinned, Tbe incidence oi tinexpandable pnenmotborax bas been 


quoted as 5 to 10 per cent, 

Aceentinc tbe pbilosopbr of Eobin^^' that all pleural effusions in tubercu¬ 
lous patients bare a ruberculons etiology and that ade-quate search trill reveal 
organisms, it is not surprising tbat 15 to 20 per cent of sucb euusions develop 
Anally into empyema.’*-Similarly. ioEotring pnetunonolysis, abont 6 per cent 
oi cases go on to tuberenlous empyema.’-' Tbis tnbercnlons empyema membrane 
libetrise prevents re-enpansion of tbe lung and results in marked impairment 
of function of diapbragm and ebest trail. A furtber serious compEcation of 
empyema is tbe development oi bronebopleural fistula trbicb. due to aspiration 
of empyema fiuid, often leads to contralateral spread and ultimate iatabty. 

Follotring discontinuance oi pneumotborax. tbe lung ireanently does not 
re-expand appreciably in tbese compEcated cases. Tbe pleural space, and 
larely rbe empyema space, may be obEterated. bnt tbis is aeeompEsbed more by 
tbe sbifi of the mediastinum, elevation oi tbe diapbragm, and fiattening oi tbe 
chest -crall than by lung re-expansion per se, Tbe disadvantages oi sueb a 
mecbanical situation are rrell 'knorm. They are overdistention oi tbe contra¬ 
lateral lung tritb associated danger of reactivation; dysphagia due to retraction 
of tbe esophagus; deionnities of the thorax; and last but not least, limitation 
OI respiratory lunetion. inereiore tbe mere obEteration of nneumotborax snace 
is not aluays tbe desired end. 

Previous attempts at solving ibese problems resultinu from nneumotborax 
compEcations bav? not altrays been satisfactory. Thoracoplasty has been suc¬ 
cessful if tbe membrane preventing re-expansion has been ihi-n Here hotr- 
ever. considerable healthy Inng is coEansed and thns lost from mmcfion in 
ac-Meving obEterarlon oi the space. 3Iore ofte,n. houever, a total thoracoptastv 
K^suceessml in completely obEterating the space tcben the membxan’es ai^ 
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thick, as is usually the case in tuberculous empyema. Even if they are in con¬ 
tact, the opposing surfaces will frequently not fuse because of avascularity of 
the membranes and the presence of tuberculous granulations and caseous areas 
in them. When active parenchymal disease persists in the unexpanded lung 
and is covered by a dense membrane, it can seldom be collapsed further by 
thoracoplasty. Thus thoracoplasty has little or no effect on active disease under 
these circumstances, as well as little or no effect on obliterating the residual 
.space. 

Schede thoracoplasty has also been used to attempt to obliterate tubercu¬ 
lous empyema when thoracoplasty alone Avas unsuccessful or ivhen broncho¬ 
pleural fistula was present. This operation is a mutilating procedure witli 
considerable re.sultant deformity of the chest Avail. It is a bloody and shocking 
operation Avith a high operative mortality, requiring multiple procedures, and 
carrying a considerable morbidity. The operation, therefore, is conscientiously 
avoided by most thoracic surgeons. 

Decortication as the modern concept of the treatment of unexpandable lung 
Avith its complications has evolved from the contributions of various surgeons 
in the past. Great impetus Avas given by the experience of surgeons in World 
War II Avith chronic clotted and infected hemothorax. The principles of de¬ 
cortication Avere then applied to other forms of chronic unexpandable lung such 
as chronic nontuberculous spontaneous pneumothorax and pyogenic empyema. 
These rapid strides in development Avere aided by improvements in technique, 
anesthesia, blood replacement, and antibiotics. With the establishment of the 
value of decortication in nontuberculous conditions on a firm basis, it was but 
a short step to appl3'^ the same principles to the unexpandable tuberculous lung. 

PATHOLOGY 

The pathogenesis of the unexpandable lung is Avell recognized, and has 
been clearly stated by Weinbei’g and Davis.' The pathologic changes may vary 
greatly, and for our purposes five points Avill be discussed briefly. First is the 
earliest stage of the unexpandable lung Avith opacity of the pleura Avithout 
other gross change. Microscopically it is a thin fibrinous membrane richly vas¬ 
cularized and infiltrated Avith leucocytes and histiocytes. This is probably a 
reversible phase. There is the later second stage Avlien a gross membrane be¬ 
comes visible AA^hich maj^ vaiy from 2 to 3 mm. in thicloiess in the visceral layer 
and from 3 to 10 mm. in thielaiess in the parietal layer. On microscopic ex¬ 
amination there is a liymlinized fibrous middle layer Avith avascular peripheral 
layers. Although typical tuberculous lesions may be found in all layers, they 
are not alAAmys present. The fluid in the space may be clear or turbid and may 
or maj' not contain tubercle bacilli. A pleural endothelial layer may be recog¬ 
nized.^ This stage is usually irreversible. In the third stage frank empyema 
may be present Avith a thick membrane lined bj^ fibrinous and caseous exudate. 
Microscopically there is an absence of an endothelial layer, but there is a 
hvalinized middle layer of the membrane shoAving all stages of inflammation 
aiul degeneration from endothelial tubercles to ca.seation and calcification. This 
membrane may be densely adherent by fibrosis to pleura and lung. The sac 
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usually coutains puTuleut fluid ivom whieh. tubercle bacilli can readily be iso¬ 
lated. Fouvtb, tbe membrane, because of its constricting nature, may produce 
infolding of the lung. This, plus collapse, does not produce parenchymal fibro¬ 
sis, hut fibrosis ivhen present is related to the inflammatory process in the paren- 
chj-ma and not to the collapse per se. Fifth, the parenchjTnal pathology Yrill 
depend upon the state of actmty of the tuberculosis. This pathologic picture 
is ivell known and does not warrant repetition here. 


INDIC.A.TIONS AND CONCEPTS OF TREATMENT 

The indications for decortication in pulnionarj' tuberculosis have been dis¬ 
cussed fx'equently in the past few years^'^® and involved primarily arrested or 
healed parenchjTiial disease associated ivith an unexpandable lung. We accept 
these as indications for decortication, but believe that there are other funda¬ 
mental principles which must also be considered. Of primary importance in 
any ease is the status of the underlying lung. Here must he considered the 
bacillary content of the sputum, activity of the tuberculous focus, and the ex¬ 
tent of parenchymal involvement. A positive sputum established as arising 
from the encased lung is a warning that simple decortication will not he defini¬ 
tive, and further may he disastrous by way of spread. The uncontrolled paren- 
chjTnal focus assumes major significance here and its treatment mnst he a part 
of the total therapeutic plan. 

Extent of parencbj-mal involvement prior to induction of therapeutic 
pneumothorax should always be defined prior to decortication. Large necrotic 
and cavitary foci, seemingly arrested by pnenmothorax, may reactivate upon 
decortication. Likeufise extensive caseous foci may produce localized peripheral 
fibrosis between peel and lung, thus technically preventing decortication. This 
consideration must be a part of the total therapeutic plan. 

Further, widespread parenchjmal involvement may produce sufficient fi¬ 
brosis to prevent maximum re-expansion postoperatively, resulting in failure to 
fill the pleural space. This situation, as is well known, predisposes to increase 
postoperative complications and decortication failures. Thus the relationship 
of pleural space to available lung voliune must be a part of the total therapeutic 
plan. 

The importance of these fundamental principles in the preoperative analysis 
of the case has resulted in a reclassification of indications for decortication in 
tuberculosis, as shoiivn in Table I, and concepts in treatment in Table II 


TABLE 1. 


XyPICATIOXS FOR DECORTICATION 




I. Successful pneumothorax—sputum negative 
A- Peel, with or without fluid 
B. Tuberculous empyema 
n. Unsucce^ul pneumothorax—sputum positive 

A. Peel, with or without fluid 

B. Tuberculo^ empyema with or without 

bronchopleural fistula 
HI. 

_ B. Emprema 
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Table II. Concepts in Treatment 
I. Successful pneumothorax 

Complete re-exp^nsion. undesirable or impossible because 

A. JExfenstve parenchjTual disease—danger of reactivation 

B. Perpendicular fibrosis (lung—peel) 

Treatment: 1. Preliminary tailoring thoracoplasty 

2. Decortication—^uninvolved lung only 

II. Unsuccessful pneumothorax 

Uncontrolled parenchymal disease 

Treatment: 1. Preliminary tailoring thoracoplasty—except in seg¬ 
mental or block 

2. Resection—block, segmental, lobe or lung 
_ 3. Decortication uninvolyed lung __ 

In respect to indications, the first gi'oup includes those cases usually ac¬ 
cepted as an indication for decortication, namelj'', unexpandable lung’ with 
parenchjunal disease arrested and sputum negative. In this group we have, 
liowever, made an important subdivision distinguishing those arrested or healed 
cases with such extensive parenehj'mal involvement prior to the therapeutic 
pneumothorax that re-expansion of the involved areas is not desirable because 
of danger of reactivation. It is believed that here permanent collapse is neces¬ 
sary to insure stabilization of the diseased area. One author has indicated that 
in a statistically significant series of pneumothorax folloiv-ups it was determined 
that where the parenchjunal cavity is more than 4 cm. in diameter, the expected 
cure rate by pneumothorax treatment will not be over 4 per cent. It is this 
group of patients in whom we believe that permanent collapse should be insti¬ 
tuted to insure the future health. Also the extensive disease may have resulted 
in such widespread fibrosis of peel to parenchyma that decortication is techni¬ 
cally difficult if not impossible, and in such a case a tailoring thoracoplasty is 
neeessaiy to obliterate residual pleural space. In this situation preliminarj' 
tailoring thoracoplasty is done and usually consists of subperiosteal resection 
of the first two and shorter portions of the third and foui’th ribs. As soon as 
the chest wall is stabilized (in three to four weeks) decortication of the healthy 
portion of the lung is carried out leaving the diseased areas untouched. 

The second basic division of cases of unexpandable lung includes those 
with positive sputum due to a varying extent of active uncontrolled pulmonarj' 
disease despite the adequate anatomical collapse of a pneumothorax. Permanent 
collapse by thoracoplasty is not indicated, since apparently adequate collapse 
by pneumothorax was ineffective in controlling the disease. Further, thoraco¬ 
plasty sufficient to collapse the diseased area maximally would needlessly col¬ 
lapse liealthy lung tissue. In these cases, preliminary tailoring thoracoplasty 
is at first performed if more than a block or segmental resection is contemplated. 
After the same short interval resection of the involved parenchjnna is done and 
the healthy portions of the lung are decorticated. If pneumonectomy is neces- 
sarv, due to bronchial disease or destroyed lung, it is done without prior thoi-aco- 
pla'sty together with resection of empjmma sac if ])resent. Thoracoplasty 
follows after a short interval (three to four weeks) to diminish the size of the 
nleural cavity. In both of these basic groups the presence of tuberculous em- 
^ - ma rather than sterile fluid and fibrous peel does not alter the treatment. 
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The third and minor group is the occasional instance rvhen the ordinary 
spontaneons tnhercnlons pleurisy u-ith efEnsion is not absorbed as nsnal but 
sioes on to the development of nnexpanded lung or empyema. In these cases 
parenchrmial foci usually are not demonstrable and sputum is negative. The 
treatment here is simple decortication of the huig and chest wall, and oc¬ 
casionally a small parenchymal focus may be found subpleurally which may be 
resected. 

OBJECTION TO DECORTICATION 


There have been several objections voiced to decortication. First has been 
the fear of reactivation of the parenchymal tuberculous focus after re-expan¬ 
sion. Since pneumothorax was originally intended as a reversible procedure, 
and if it had been applied on sound indications, then this type of surgical re¬ 
expansion should be no more dangerous than the usual medical methods. Areas 
of extensive prepneuniothorax disease should not be decorticated but should 
be kept collapsed permanently. It is undesirable to re-expand these areas and 
then treat them after reactivation occurs, but rather thoracoplasty as a tailoidng 
procedure should be utilized followed by decortication of the healthy areas. 
Likewise in the case of persistent active disease the excision of this collapsed, 
but uncontrolled, disease is indicated combined uith decortication. Tailoring 
thoracoplasty may also be indicated here. Again the importance of considering 
the extent and actmty of the parenehjTnal disease prior to decortication is 
emphasized. 

Second, the fear of chest wall infection resulting from entering tubercu¬ 
lous tissue perhaps has been a deterent to the operation. Experience, however, 
has shown that it rareh” occurs. Likewise residual empyema is an infrequent 
complication. These complications have been minimized by the use of strepto¬ 
mycin and by obtaining complete re-expansion postoperativelj' as soon as pos¬ 
sible. In this latter connection the use of preliminary tailoring tlioracoplasty 
in selected cases is advantageous in addition to its value in regard to maintain¬ 
ing permanent collapse of extensive parencln-mal lesions. Even ivith pneumo¬ 
nectomy and empyema resection, which occasionally of necessity is incomplete, 
residual empyema is uncommon. Parenthetically it should be said that all such 
procedures are followed by thoracoplasty to attempt to decrease pleural cavity 
volume. 


TECHNIQUE 

After careful study of a case, especially review of prepneumothorax roent- 
genogiaphs, has satisfied our criteria for decortication, preoperative prepara¬ 
tions include several details. Bronchoscopy is indicated to rule out broncho¬ 
stenosis as an etiology for tlie failure in re-expansion. Streptomycin and PAS 
if not already being administered, are given for at least one week and penicillin 
for four days preoperatively. Evaluation of the general condition is of course 


Operatimi is performed under general anesthesia using a posterolateral 
approach. The sixth rib is usually resected subperiosteally and a short pos 
tenor segment of an adjacent rib is also resected if tlie chest wall is r4d In 
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all cases it has been possible to excise parietal as well as visceral membrane. A 
cleavage plane can usually be developed between parietal peel and chest wall. 
This plane is relatively avascular and the peel strips easily laterally and an¬ 
teriorly, hut with greater difficulty at the point of reflection from visceral to 
parietal membrane. This is especially time at the posterior apex and the costo- 
phrenic angle. Excision of the parietal peel results in a more complete removal 
of tuberculous tissue in the case of empyema and in the return of more normal 
motion of the chest wall and diaphragm postoperatively. 

Next, decortication of normal lung is done in the usual manner while the 
lung is partially inflated. Areas of diseased parenchyma previously planned 
for excision or permanent collapse are not decorticated. Excision is then carried 
out by individual ligation technique. Decortication and segmental type re¬ 
section both produce raw surfaces with leakage of air, but since the resultant 
minute leaks are, for the most part, transient, no attempt at repair is made. 
When visible bronchiolar openings are present they are repaired. In those cases 
where preliminary tailoring thoracoplasty has been performed, the decorticated 
normal lung readily fills the pleural space without overdistention. 

Adequate drainage for -both air and fluid is of utmost importance in achiev¬ 
ing early and complete re-expansion and associated obliteration of pleural space. 
One large (one-half inch -wide diameter) fenestrated tube is placed through a 
stab wound inferiorly in the posterior axillary line. A second tube (a fenes¬ 
trated No. 22 catheter) is placed to the apex of the pleural cavity through an 
anterior stab wound. Both tubes are connected to individual water-seal bottles. 
In selected cases active suction of 15 to 20 cm. of water is used, but generally 
simple water-sealed drainage has been satisfactory. 

Postoperative streptomycin and PAS treatment is continued for a variable 
length of time and penicillin for seven to ten days. Of utmost importance is 
the prompt removal of tracheobronchial secretions. This is accomplished most 
satisfactorily by cough, but if cough proves ineffective, catheter tracheal suction 
is used as frequently as indicated. Bronchoscopy is seldom necessary, but may 
be resorted to. This removal of tracheobronchial secretions prevents develop¬ 
ment of localized atelectasis and, of course, insures prompt re-expansion and 
oblitei’ation of pleural space. 

RESULTS AND CASE REPORTS 

Results in this series of fourteen cases are set forth in Tables IIIA and 
IIIB. A case illustrative of each indication in groups one and two is sum¬ 
marized briefly below: 

CASE REPORTS 

Case 1 (Fig* 1 .*4, i? and C.). W, L., a 30-year-old %yhite man, "whose tuberculosis was 
di-ignosed while in the Army in 1944. Left therapeutic pneumothorax was started in May, 
1945 with pneumonolysis in July, 1945. He w-as ultimately discharged from the Army. 
In July 1948 it was decided to abandon the pneumothorax. The left lung failed to re- 
and^'and increasing amounts of fluid developed. Aspiration of this fluid was done 
V times and all laboratory findings were negative for tubercle bacilli. Decortication 
was done on Mar. 10, 1949, and postoperative convalescence was uneventful. He was 
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ineluding culture. 
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ig. 1-^—A, Left pneumothorax- B, Lnexpandable left lune: sputum, negative. 

decortication and re-expansion; sputum, negative. 


C, After left 


This i-epresents a ease of moderately advanced original disease snccessfuUy 
treated ^vitll pneumothorax but complicated by nnexpandable lung. Treatment 
here is simple decortication and re-expansion. 
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bacilli. A left pneumothorax was begun in 1945 and was abandoned in August, 1949. 
Sputum had been negative on concentrate and culture since 1947. A preliminary tailoring 
thoracoplasty was done on June 16. 1950, consisting of the .subperiosteal resection of the 
first and second, and shorter portions of the third and fourth, ribs. The transverse 
processes were not removed. Decortication of the right middle and lower lobes was done 
on July 14, 1950. The right upper lobe was not decorticated, and the liberated middle 
and lower lobes nicely filled the pleural cavity. The postoperative course was uncom¬ 
plicated with sustained expansion of the middle and lower lobes, and the sputum has re¬ 
mained negative by all methods to date. 
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This patient had extensive right upper lobe disease successfully treated 
by pneumothorax, but complicated bj'^ tuberculous empyema and unexpandable 
lung. Because of the original extensive disease, re-expansion of which was con¬ 
sidered dangerous, thoracoplastj^ to maintain right upper lobe collapse, and 
decortication of the right middle and lower lobes were combined. 

Case 3 (Fig. 3 A, li, C, D and E.). —H. B., a 43-year-old man, first developed tuber¬ 
culosis in 1932. In 1933 a left pneumothorax was induced for cavitary disease in the left 
upper lobe, with considerable surrounding infiltration. Pneumothorax was maintained 
until 1936. Following attempted re-expansion there was a considerable amount of fluid 
and pleural thickening, and the lung remained about 30 per cent collapsed. Right upper 
lobe tuberculosis was first present in 1945. In July, 1945, a right pneumothorax was begun 
and maintained until July, 1947, at which time a thickened pleura developed along with 
fluid. This lung remained about 40 per cent collapsed. Aspiration was carried out re¬ 
peatedly on both sides and ultimately there developed a bilateral tuberculous empyema. 



Vic SE _After simultaneous left decortication and loft thoracoplasty: function much im 

proved; sputum, negative. 


Sputum, however, converted by concentration in August, 1947, and by culture in April, 
1948. During the years dyspnea developed and the patient became a respiratory cripple. 
Anxiety attacks periodically would result in the need for oxygen administration. Bi¬ 
lateral decortication was discussed with this patient and he was an.xious to take the in¬ 
volved risks. The right side had had the least amount of tuberculosis and it was there¬ 
fore decided to start on this side, to restore as much pulmonary function as early as 
possible Therefore, on ilny 31, 1949, right parietal and visceral decortication was carried 
out Ee-e.xpansion was not prompt, but ultimately the pleural space was obliterated and 
this was associated with marked clinical improvement. The patient was now able to stroll 
•n the corridor and anxietv completely disappeared. On Feb. 21, 1950, left parietal and 
• al decortication was carried out. Upon the completion of this, it was noted that 
' nximum re-expansion the left .lung would not completely fill the pleural space, 

-m fore an apical thoracoplasty was done at the same time, and again the patient re- 
lUereiore V months of modified bed rest, activities were increased 

covered uner n anticipating liis discharge from the hospital. Sputum 

hPs'reL'inrd negative e.xcept for a rare positive culture. 
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This is another case of extensive original disease sueeessfnllv controlled 
by pneumothorax for which thoracoplasty combined with decortication was 
necessary on the left to prevent reactivation and to insure obliteration of 
pleural space. It is also of unusual interest in that it represents bilateral 
pneumothorax complicated by bilateral empyema resulting in a respiratory 
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cripple. The combination of left thoracoplasty and bilateral decortication has 
changed a previously hopeless situation to one where the patient is now con¬ 
templating gainful employment. 

Case 4 (Fig. 4: A, B and C.).—G. H., a 35- year-old man, a hoisting engineer, developed 
cough and sputum in 1948. Chest roentgenograph in July, 1948, disclosed cavitarj- tuber¬ 
culosis on the right, and positive sputum was found. He was therefore hospitalized, and 
a right pneumothorax was begun in August, 1948, but was complicated by pleuropulmonary 
adhesions. In December, 1948, a complete closed pneumonolysis was performed. This 
was complicated by fluid development which persisted and was positive for tubercle ba¬ 
cilli. The upper lobe became almost 100 per cent collapsed. Because of these compli¬ 
cating factors, re-expansion was attempted, but was attended by reopening of the cavity 
in August, 1949. Finally in December, 1949, an upper stage of thoracoplasty on the right 
was done. On Jan. 24, 1950, the right middle and lower lobes were decorticated, and the 
right upper lobe was excised. Except for one isolated culture, this patient's sputum has 
been negative by all methods since February, 1950. The spheroidal lesions in the contra¬ 
lateral lung have remained unchanged and stable. Block resection of these lesions was 
under consideration, but, because of disciplinary' reasons, this patient was discharged from 
the hospital in July, 1950, and since that date has been working full time, is asymptomatic, 
and continues to be sputum negative by all methods. 

Here, despite adequate anatomical collapse by pneumothorax, parenchymal 
disease ivas uncontrolled, yvith patent cavity in the right upper lobe and smear 
positive sputum. This was further complicated by unexpandable lung and 
tuberculous empyema. Sputum conversion follotved right upper lobectomy and 
decortication of the right middle and right lower lobes preceded bjr a tailoring 
thoracoplasty. 

Case 5 (Fig. 5 A, B, C and D.).—E. L., a 36-year-old foundry worker, first developed 
symptoms of pulmonary and spinal tuberculosis in 1930, but a diagnosis was not established 
until April, 1932. He was treated by bed rest, and an extrapleural pneumothorax on the 
right was performed Nov. 18, 1938. Following this he was admitted to a tuberculosis 
sanatorium in March, 1939, with a right extrapleural tuberculous empy-ema. This was 
treated conservatively by aspirations. Finally- the area became opaque by roentgeno¬ 
graph, his sputum became negative, and he was discharged in September, 1941, as arrested. 
Also during this hospitalization a spine fusion was done, and his spinal disease was con¬ 
sidered arrested. In December, 1942, he was readmitted because of a positive sputum and 
air and fluid in the extrapleural pocket. A broncho-extrapleural fistula was demonstrated 
by dye instillation and expectoration. By- October, 1949, the space had again filled al¬ 
most completely, but a small area of radiolucence still existed. From that time until the 
time of operation the scant .sputum was negative for tubercle bacilli by concentration and 
culture. The left lung had been stable since 1945. Bronchoscopy on Jan. 17, 1950, re¬ 
vealed a normal tracheobronchial tree. As a preliminary procedure to right upper lobec¬ 
tomy and decortication of the extrapleural empyema sac, an upper stage tailoring 
thoracoplasty vvas performed on Jan. 19, 1950. Following this the broncho-extrapleural 
fistula reopened, and there was marked sputum production up to 14 ounces daily, positive 
for tubercle bacilli. Sputum production slowly decreased and the decortication and upper 
lobectomy were performed on Feb. 26, 1950. The postoperative course was completely un¬ 
eventful, sputum immediately converted, and has been negative by concentration and 

culture to date. ' 

This is a case of extrapleural pneumothorax complieated by- extrapleural 
tuberculous empyema and a hroneho-extraplcural fistula. Decortication of the 
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cxtnipleural empyema sae. reseetioii of the right upper lobe and associated 
fistula preceded by a tailoring thoracoplasty was definitive therapy. 

Case 6 (Fig. 6 A, B and €.)■ —C. W., a 4S-year-old Xegro laborer, whose tuberculosis 
was diagnosed in January, 1947. The tuberculosis was progressive, and in July, 1947, a 
left pneumothorax was induced, but was complicated by pleuropulmonary adhesions. Ee- 
expansion was started in July. 194S, but was never complete, and a purulent tuberculous 
pleural effusion developed. This w.as repeatedly aspirated from 194S until the time of 
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cripple. The combination of left thoracoplasty and bilateral decortication has 
changed a previously hopeless situation to one where the patient is now con¬ 
templating gainful employment. 

Case 4 (Fig. 4 A, B and C.).—G. H., a 35- j'ear-old man, a hoisting engineer, developed 
cough and sputum in 1948. Chest roentgenograph in July, 1948, disclosed cavitary tuber¬ 
culosis on the right, and positive sputum was found. He was therefore hospitalized, and 
a right pneumothorax was begun in August, 1948, but was complicated by pleuropulmonary 
adhesions. In December, 1948, a complete closed pneumonolysis was performed. This 
was complicated by fluid development which persisted and was positive for tubercle ba¬ 
cilli. The upper lobe became almost 100 per cent collapsed. Because of these compli¬ 
cating factors, re-e.xpansion was attempted, but was attended hy reopening of the cavity 
in August, 1949. Finally in December, 1949, an upper stage of thoracoplasty on the right 
was done. On Jan. 24, 1950, the right middle and lower lobes were decorticated, and the 
right upper lobe was excised. Except for one isolated culture, this patient’s sputum has 
been negative bj" all methods since February, 1950. The spheroidal lesions in the contra¬ 
lateral lung have remained unchanged and stable. Bloch resection of these lesions was 
under consideration, but, because of disciplinary reasons, this patient w-as discharged from 
the hospital in July, 1950, and since that date has been working full time, is asymptomatic, 
and continues to be sputum negative by all methods. 

Here, despite adequate anatomical collapse by pneumothorax, parencbjTnhl 
disease tvas uncontrolled, tvith patent cavity in the right upper lobe and smear 
positive sputum. This was furtlier complicated by unexpandable lung and 
tuberculous empyema. Sputum conversion followed right upper lobectomy and 
decortication of the riglit middle and right lotver lobes picceded by a tailoring 
thoracoplasty. 

Case 5 (Fig. 5 A, B, C and D.).—E. L., a 36-year-oia foundry worker, first developed 
symptoms of pulmonary and spina! tuberculosis in 1.930, but a diagnosis was not established 
until April, 1932. He was treated by bed rest, and an extrapleural pneumothorax on the 
right was performed Nov^ 18, 1938. Following this he was admitted to a tuberculosis 
sanatorium in March, 1939, with a right extrapleural tuberculous empyema. This was 
treated conservatively by a.spirations. Finally the area became opaque by roentgeno¬ 
graph, his sputum became negative, and he was discharged in September, 1941, as arrested. 
Also during this hospitalization a spine fusion was done, and his spinal disease was con¬ 
sidered arrested. In December, 1942, he was readmitted because of a positive sputum and 
air and fluid in the extrapleural pocket. A broncho-extrapleural fistula was demonstrated 
by dye instillatioiv and expectoration. By October, 1949, the space had again filled al¬ 
most completely, but a small area of radiolucence still e.xisted. From that time until the 
time of operation the scant sputum was negative for tubercle bacilli by concentration and 
culture. The left lung had been stable since 1945. Bronchoscopy on Jan. 17, 1950, re¬ 
vealed a normal tracheobronchial tree. As a preliminary procedure to right upper lobec¬ 
tomy and decortication of the extrapleural empyema sac, an upper stage tailoring 
thoracoplasty was performed on Jan. 19, 1950. Follovv-ing this the broncho-extrapleural 
fistula reopened, and there was marked sputum production up to 14 ounces daily, positive 
for tubercle bacilli. Sputum production slowly decreased and the decortication and upper 
loVvectomv were performed on Feb. 26, 1950. The postoperative course was completely un¬ 
eventful ' sputum immediately converted, and has been negative by concentration and 

culture to date. ^ 

This is a case of extrapleural pneumothorax complicated by extrapleural 
tuberculous empyema and a broncho-e.xtrapleural fistula. Decortication of the 
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extrapleural empyema sac, reseetion of the right upper lobe aud associated 
fistula preceded by a tailoring thoracoplasty was definitive therapy. 

Case 6 (Fig. 6 it and C.). — C. \V., a dS-year-old Negro laborer, rvhose tuberculosis 
was diagnosed in January, 1947. The tuberculosis was progressive, and in July, 1947, a 
left pneumothorax was induced, but was complicated by pleuropulnionary adhesions. Ee- 
expansion was started in July. 194S, but \Yas never complete, and a purulent tuberculous 
pleural effusion developed. This was repeatedly a.spirated from 194S until the time of 
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tuberculous en.pvema'anU m 

porarijj. c. After tailoring thoracoDlfl«tK' a * ■?* closed and upper lobe 

decortlcatmu ot extrapleural emp.vem?1fn‘V 

* • sputum, negative. 
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surgery. Piieumouectomy was anticipated, but pre-empyema films were not complete 
enough to present a clear picture of the extent of involvement in the left lung. There¬ 
fore, it was decided to do a preliminarj- tailoring thoracoplasty to be followed by thora¬ 
cotomy when decortication and pulmonary resection would be done. The extent of pul¬ 
monary' resection would depend upon the amount of involvement found at operation. The 
preliminary thoracoplasty was done on Aug. 9, 1950, pneumonectomy and excision of 
empyema sac on Sept. 12, 1950, and a final stage of thoracoplasty on Oct. 19, 1950. Contra¬ 
lateral lung has remained stable throughout this procedure, sputum is now negative by 
all methods including culture, and he is on increasing activity. 









r j Wvtensivc left lunc tuberculosis with tuberculous empyema and unc.xpand 
Fig. ■■''.ftp* Srellminar>' tailoring thoracoplasty. C, After left pneumonectomy dc 
able lung. and a final stage of thoracoplasty; sputum, negative. 
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This represents the surgical program in a case with tuberculous empyema 
and uncontrolled parench>Tual disease, the extent of uhieh is difficult to deter¬ 
mine by review of serial roentgenographs. Had a lobectomy and decortication 
been sufficient the surgical ti’eatment would have been completed since pie- 
liminary tailoring thoracoplasty had been done. The finding of a destroy ed 
lung required pneumonectomy and excision of the empyema. Obliteration of 
the pleural space was accomplished by a final stage of thoracoplasty. 

Case 7.—The case vitU complications of wound infection and residual empyema is a 
39-Year-t)ld woman with total tuberculous empyema, cavitary tuberculosis of the left upper 
lobe, and endo\>ronchial tuberculosis of the left lower lobe. She was known to have a 
bleeding tendencv as demonstrated bv the development of subcutaneous hematomas fol¬ 
lowing needle aspirations ttnd profuse bleeding during preliminary tailoring thoracoplasty. 
No cause of this hemorrhagic tendency could be determined. Despite this, the extensive 
tuberculous empvema demanded treatment. Decortication and pneumonectomy were 
started, but blood loss was so severe that operation had to be stopped after mobilization 
of the parietal portion of the empyema sac. The wound was packed, drained, and closed. 
Five days later the procedure was completed without difficulty. Despite completion of 
the thoracoplasty and pleural drainage, a small residual tuberculous empyema and moderate 
wound infection persists but is subsiding. The rarity of complications thus far in this 
series has been gratifrang. 


Table III A. Resclts or TnE-tTiCEXT 


Total number of cases 

I. Successful pneumothorax—Decortication without resection 


A, Without tailoring thoracoplasty S 

B. With tailoring thoracoplasty 3 

II. t'nsuccessful pneumothorax—Decortication with resection 
and tailoring thoracoplasty 

A. Lobectomy 2 

B, Pneumonectomy 4 

III. Tuberculous pleurisy with eifusion (spontaneous) 

A. ITnexpauded lung 1 

B. Empyema 1 


14 

6 


6 


T.lble hi B. Results of Treatment 


Complications 

I. Wound infections 
II. Reactivation or spread 
HE Reversion of sputum 
rv. pailute of re-expansion 
V. Recurrence of empyema 
Mortality_ 


CONCECSION 

The mere demonstration of the presence of an unexpandable lunw in the 
candidates for decortication is not a sufficient criterion for sur-eiw A tLvor Y 
undex-standing of the natural histoiw of pulnionarv tnbercnlosis aid at!, iT 

- nU. The finding of a positive sputum, even on culture only, becomes si^Ifi 
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cant in planning the surgical program. The source of the bacilli should be 
determined if possible and then thoracoplasty and/or resection should be done 
in conjunction mth decortication. Thus in the total group of cases presented 
for decortication the parenchymal status must be evaluated. For the eases with 
moderate prepneumothorax disease, complete re-expansion by simple decortica¬ 
tion is desirable and adequate. In that group with more advanced parenchjmal 
involvement permanent collapse of the diseased area is required. This is ac¬ 
complished by preliminary tailoring thoracoplasty and then decortication of 
uninvolved lung. Finally, those cases unsuccessfully treated by pneumo¬ 
thorax, with persistent active disease and positive sputum, require resection and 
simultaneous decortication. Where more than segmental resection is done, 
preliminary tailoring thoracoplasty is also indicated to prevent overdistention 
of remaining lung and to insure obliteration of pleural space. 


SUMMARY 

The problem of the unexpandable lung after therapeutic pneumothorax and 
its complications is discussed. 

A review of the surgical treatments of the unexpandable lung is presented. 

Pathology of the unexpandable lung is briefly referred to. 

Tlie indications for decortication are discussed in detail. A reclassification 
of indications based on the status of the underljdng lung as well as the pleural 
pathology is presented. 

Concepts of treatment based on these indications are discussed. These in¬ 
clude combinations of decortication, thoracoplasty and pulmonary resection. 

A series of fourteen cases is I’eviewed and illustrative examples are pre¬ 
sented. 
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DECORTICATION PRECEDING THORACOPLASTY FOR THE 
ELIMINATION OF LONG-STANDING TUBERCULOUS 

EMPYEMA*^ 

F. Douglas Ackman, M.D., C.M., P.R.C.S.(C) and 
Patrick JIadore, M.D., C.M., (by invitation) 

JIontreal, Quebec, Canada 

T he elimination of chronic tuberculous empyema secondarily infected or not 
is a problem at any stage. The more long standing the empyema, the greater 
the problem. Granted that prevention is the best treatment, some eases are 
bound to occur, though possiblj’' less frequently witli improved management in 
general. 

Earlj’' treatment by conservative metliods maj^ eliminate some empyemas, 
and earlj’’ surgery will cure others. The long-standing eases with which we are 
mainly concerned are generally conceded to be amenable only to surgery. The 
generally accepted method has been by extensive thoracoplasty. This succeeds 
in some, but a high percentage, over half according to Cuthliert, results in re¬ 
sidual basal empj^ema and chronic sinuses, even after the Shede type of pro¬ 
cedures. It may be noted that Cuthbert states that half of these long-standing 
cases are not fit for any surgery, and this writer quotes a mortality of 50 per 
cent. It is appropriate also to draw attention to the high morbidity and pro¬ 
longed treatment with multiple operations so common in this condition. 

Tlie decortication of clironic tubei'culous empyema following thoracoplasty 
was practiced and discussed by the late Fraser B. Gurd before this Society in 
1946. Subsequent contributions by Gordon and Welles, Weinberg and Davis, 
Mulvihill and Klopstock, and othei's have demonstrated that not only is this 
post-thoraeoplastj" decortication pi-acticable, but that it could sometimes be 
carried out primariL" and might even occasionally obviate thoracoplasty. 

In reviewing our results with thoracoplasty in chronic empyema, it was 
noted that, other things being equal, surgery was most successful where the 
lower lobe had been well lield out over the diaphragm by adhesions, and was 
only partially collapsed. In such eases (Fig. 1 A) a limited thoracoplasty com¬ 
bined with aspiration was generally adequate in achieving a cure of the em¬ 
pyema, leaving no sinuses or residual gutter pocket (Pig. 1 B). Such success 
was rarelj’’ the ease with more complete lung collapse, when more extensive 
thoracoplasties regulai'ly left diuining sinuses fz'om residual gutter empyemas 
(Fig. 2 A, 2 B, and 2 C). This regularly called for tlie mutilating Sehede type 
of procedure with, all too frequently, further unsatisfactory re.sults (Pig. 3 A, 
3 B, and 3 C). 

Vrom Grace Dart Home Ho.spital, Royal Edward naiircnti.'in Ho-opltal and Queen Jlnry 
Veterans^^^Hospitaljr^^i^^ty,flrst Annual^Meeting- of Tlie American Association for Thoracic Sur- 
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The satisfactory results in cases Tcith the partially collapsed lung led us to 
attempt to imitate the natural intrathoracic conditions found in these cases in 
empyemas mth more completely collapsed king. This expansion mas to be ac¬ 
complished by a limited or lomer lobe decortication followed by suction and later 
bv aspiration. In other words, the plan was designed to coax the lower lobe out 
over the diaphragm where it could become adherent before thoracoplasty, 
whether the luna functioned or not. Thoracoplasty was to follow as soon as 
possible. This plan at the worst would preclude residual gutter empyema (Fig. 
4 A), and ordinarily it would liarit the suljsequent thoracoplasty (Fig. 4 B), 
while at best it might make this operation unnecessary (Fig. 4 C). In Fig. 4 A 
a bronchosram indicates how even a relatively ftmctionless lung can be made to 
suit the purpose of the plan as in Case 2. P; E. Fig. 4 B shows the limited 
thoracoplasty required in the same case, while Fig. 4 C illustrates the tv-pe or 
case in which subsequent thoracoplasty is not required. 



folloTT-up shoves patient 


It was early recognized that failure might result from certain pre-existinn 
conditions, notably a bronchopleural Sstula. extreme bronchial stenosis, or com^ 
plete intrapulmonarv- fibrosis. These matters were given appropriate investiers- 
tion in the cases encountered. It will be noted that only one of onr patients had 
such a large fistula, and this case has so far been considered a failure One p- 
tient had bronchial stenosis and was rejected. Several of the patients hafl ex 
tensive fibrosis, but tins did not appear to defeat our purpose. These cases will 
be commented upon individnallv. "We hare thus rtprhpn- -• - 

« ™ =, ,1. „«,et spec-M 
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The risk of expanding extensively diseased lobes has also been considered. 
After previewing all available old roentgenograms, none of our present series 
was considered as having too much involvement to be excluded from trial opera¬ 
tion. However, such .cases will be met with and each one must be dealt with on 
its merits. ' We have recently rejected turn such candidates. 

A. B. 



c. 

9 _j Chronic empyema followinf? pneumothorax and pneumonolysis, with almost 

. . 11 ,. ^nOnnsed’ lung, nonadherent to the diaphragm and showing some exudate. B, Same 
months after a standard nine-rib thoracoplasty showing residual gutter empyema 
case sinus C The residual cavity contains over 200 c.c. of Liplodal. 


The matter of functional restoration, or gain, in the expanded lung after 
lecortication has naturally also been investigated, though more or less a sec- 
Ldarv eonsideration. It will be seen that the functional recovery varies widely 
iiT the individual ease. Actually our results range from nil to 50 per cent 
al and are discussed indmdually. Functional recovery i.s of secondary 
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interest to us in this paper, however, since we have been concerned priniarilj^ 
with the obliteration of, or prevention of, the almost inevitable residual gutter 
empyema and its disappointing sequelae, even following the Schede type of 
procedure. 



unaiiy dried up but 


Reports of ten eases are summarized and tiiP -rpc u ^ 
seen that a satisfactorv and fairlv ranid curp nf ^ charted. ■ It be 

and one has been a failure. ‘ ^ ® was effected in nine 
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CASE REPORTS 

Case I.—P, E., man, aged 27 years, G.D.H.H. No. 4073. Disease was discovered as 
minimal in both apices in 1943, and the patient was admitted io a sanatorium. Eight pneu- 
motliorax was begun in November, 1944. He left the sanatorium in September, 1945, and 
returned in June, 1946. Loft pneumotimrax was indicated and begun at once. Pneumonoiysis 
was necessary, and this was sliortly followed by effusion. Emypema was diagnosed later that 
year (1946) and was treated by aspiration and a long course of streptomycin. The patient 
was admitted to Grace Dart Home Hospital in June, 1948. 

A. B. 



4 1 Dronchogram of tlie functionless left lung in Case 2, J. R., shows how even 

tvnc may be coaxed out to become adherent to diaphragm and serve our purpose. B. Fol- 
InwinK’Siven-rib thoracoplasty. C, Illustrates how decortication maj- even eliminate tlie neces¬ 
sity for tlioracoplasty. 

On examination the patient was febrile; sputum negative; weight 87 pounds. Chronic 
•ved loft empyema with multiple draining aspiration sinuses. Pleural fluid showed acid- 
t bacilli The riglit side was considered stable. The blood picture was witiiin relatively 
1 limits Tlie vital capacity was 1.2 liters. Bronclioscopy was negative. Broncho- 
spirometry was attempted three times with unreliable results. There was no definite evi¬ 
dence of broncliopleural fistula. 
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, tRo left lower lobe, linsula. and diaphrasm was done 

On Feb. 1.. 19^9, decorticanon of the lef _ _ ^ 

with facilitv. Expansion of the o a^ain was removed and 

±z :;«;.nsr =r: 



were removed. The lung: remained partlv expanded. AU aspiration ceased earlv in June be¬ 
cause it became nnnecessarv. He was discharged on Sept. 16, 1949, weighing 95 potinds. The 
sputum has remained negative. 

FoUow-up in October, 1950: patient well and working (Figs. 5A, 5B, and SC). 

Case 2.—J. E., man. aged 24 years. G.DAIJI. Xo. 4S09. Disease was discovered in 1944, 
following repeatetl hemoptyses. -Admitted to sanatorium, and a left-sided cavitarv lesion was 
diagnosed. Pneumothorax was begun early in 194.3. and wa.s followed shortly by"pneumonol¬ 
ysis. The pneumothorax was abandoned in 194.3 because of effusion. Empyema was diag- 
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nosed in 1944. He was self discharged in 1946. He was readmitted to a sanatorium in Feb¬ 
ruary, 1948, and transferred to the Grace Dart Home Hospital the same month, and strepto- 
mj'cin treatment was added to aspiration. 

On examination the patient was febrile. There w'as a left-sided chronic tuberculous 
empyema with a positive culture. There was a small tuberculous puncture abscess of the left 
axilla. The right chest was considered stable. Sputum was negative; weight 92 pounds; the 

A. B. 



C. 


JJ. 


K_ A Case 2. J. R.. shows collapsed lung- in a .six-year tuberculous empyema. B, Ex- 

. * if* o-v-nsnsibn after decortication with minimal functional recovery. C, Bronchogram of 

‘^"*6 Lle^showing how the lung has crept out over the diaphragm. D, Pinal result with 

minimal function. 

d picture showed moderate anemia; the vital capacity was 1.9 liters. Bronchoscopy 
blooa p j,,.o„(.hitis in the left upper lobe bronchus. Bronchospirometry showed no oxy- 

showed definite evidence of a bronchopleural fistula. 

genation ro ineision and drainage of the axillary abscess was done. On March 16 

f the left lower lobe, lingula, and diaphragm was carried out quite easily, 
decortication o positive pressure on the table. Drainage of the left chest by 

The lung did not expanu u g 





ACKM.A>« AKD MABORK; DECORTICATION PRECEDING THORACOPLASTY 


one 45F. tube with suction was continued for one week. Then the tube was withdrami and 
the wound sutured. Aspiration was continued. The fibrosed lung remained well out over 
the diaphragm, as is well shown by bronchogram roentgenogram. On April 4, a broncho- 
spirometry was done, showing no oxygenation of the left lung. On April 20 and 30 a limited 
seven-rib two-stage thoracoplasty was carried out. Aspiration ceased in Alay. He was dis¬ 
charged from the hospital to home on July a, 1949. 

Follow-up in October, 1950, found the sputum negative and the patient well and work¬ 
ing (Figs. 6A, 6B, 6C, and GD). 


A. 


S. 



c. 


Pig. 




Case 3.~T. X., woman, aged 31 years, G.D.H.H No 4904 ri¬ 
nged in 1943. Slie entered a sanatorium in 1944 where the left 1 
a cavitary lesion. Left pneumothorax was be.nin at one a 
years. It was abandoned because of effusio^ in 1946 At 
some mfiltratmn. In 1948 she was discharged home because her 
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was readmitted to sanatorium with empyema in October, 1949, and treated by aspiration and 
streptomycin. In February^ 1950, she was transferred to the Grace Dart Home Hospitai for 
surgery, udtli a drainage tube in lier left chest. 

On examination the patient u’as febrile; weight 90 pounds. She sliowed bilateral pul¬ 
monary tuberculosis, and the right lung was considered to be stable. There was a left-sided 
total empyema which contained Staphylococci and H. coli, but was negative for tubercle 
bacilli. There was a small drainage tube in situ. She had a small amount of negative sputum. 
The blood picture showed moderate anemia. The vital capacity was 1.1 liters. Bronchoscopy 
was negative. Bronehospirometry was unsatisfactory. There was no definite gross broncho¬ 
pleural fistula. 

On March 7, 1950, decortication of the left lower lobe, lingula, and diaphragm, and the 
lower parietal pleura was done. The limg expanded only slightly under positive pressure on 
the operating table. Drainage with appropriate suction by two 45F, tubes was carried on for 
six days, and then the wounds were sutured. Aspiration was continued. The lung remained 
partly expanded and adherent to the diaphragm. On April 5 and 25, a limited seven-rib two- 
stage thoracoplasty' was done. Aspiration ceased in May. She was discharged on Oct. 0, 
1950, when her weight was 96 pounds. 

Follow-up in February, 1951, showed the patient at home and well (Figs. TA, 7B, 7C, 
and 7D). 



A. B. 

Fig. S. — A, Case 4. L. P., shows the empyema with only partial collapse of stable lung. B, Final 
result of decortication, requiririg^ no thoracoplasty and rendering- a 30 per cent lung function. 

Case 4.—L. P., man, aged 27 years, G.D.H.H. No. 4771. Disease was discovered in 
July, 1946, following pleurisy with effusion on tlie right side. He was admitted to a sana¬ 
torium in 1946, tlien discharged Iiome. He was readmitted to a sanatorium in 1947 for 
thoracotomy' with tube drainage for chronic empy'ema of mixed ty’pe. He ivas then trans¬ 
ferred to the Grace Dart Home Hospital in September, 1948. 

On examination he was febrile. The left lung -was clear. The right side showed a 
chronic empyema with small draining sinus in the lower axilla. The upper lobe was partly 
expanded and functioning. Cultures from empyema showed Af. tuhcrculosis, Staphylococci, and 
other organisms. His weight was 110 pounds. The vital capacity was 1.3 liters. Bronchos¬ 
copy was negative. Bronehospirometry showed 20 per cent function on the nlTccfed side. 
There wes no evidence of bronchopleural fistula. 

On Tan 11 1949) decortication of the right lower and part of the upper and middle lobes 
s carried out.’ Suction drainage was continued for five days with a 45F. tube. Drainage 
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wound was tlieu sutured and aspiration continued. The lung which had never been com- 
pletel.v collapsed re-e.vpanded under aspiration, and showed no active disease. Thoracoplasty 
was liot done. Intermittent aspiration of a localized pocket of thin serum, negative for or¬ 
ganisms, was continued until March. Bronehospirometiy in August, 19A9, showed increased 
function of the right lung estimated to be 30 per cent. He was discharged on Oct. 17, 1949. 
His weight at this time was 115 pounds. 

In October, 1950, he was seen at the Clinic. He was well and working (Figs. 8 A 
and SB). 


B. 





Case 5.—B. H., man, aged 26 years, G.D.H.H Xo 4960 Tl.o i- 
in October, 194S. The patient was admitted to a sanafnr' ' - 

right-sided spontaneous pneumotJiora.v in January 1949 developed a 

and this after sLv months gradually became purulent H f followed almost at once, 
Home Hospital on Dec. 7, 1949, for su;geA-Sr le ^ ^ar 

streptomycin. treatment by aspiration and 
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On examination he was febrile. Roentgenogram revealed far-advanced bilateral disease. 
He had positive sputum. The empyema contents revealed a mixed infection. A two-stage 
six-rib thoracoplasty was done in February and March, 1950. A residual gutter empyema 
cavity remained. Small bronchopleural fistula'was suspected. 

On March 29 a third-stage thoracoplasty was performed removing ribs 7, 8, and 9; and 
decortication of the residual empyema and freeing of the diaphragm was done. There was 
minimal expansion of the lobe on the operating table. Drainage was accomplished through 
the eighth rib bed with a 45r. suction tube and carried on for six days, and then closed and 
followed by aspiration. This was followed by a phrenic crush on the right. Aspiration was 
no longer necessary after May, and he was then discharged to a sanatorium the same month. 

He is now well and working (Figs. 9J, 9B, and 9C). 


Case 6.—^A. M., man, aged 20 years, R.E.L.H. The disease was first recognized in Janu¬ 
ary, 1948, as a cavitary lesion of the left upper lobe and infiltration of the lower lobe. The 
patient was admitted to a sanatorium, and a left pneumothorax was begun in April, 1948. He 
had a pneumonolysis in July, 1948, and again in January, 1949. This tvas followed by an 
effusion which was treated by aspiration. Tubercle bacilli were found in the effusion in 
September, 1949. He was transferred to the Royal Edward Laurentian Hospital for Surgery 
in November, 1949. 

On examination the patient was febrile, with a negative sputum. There was a left¬ 
sided chronic tuberculous empyema with a positive culture. The right lung showed infiltra¬ 
tion but was stable. There w-as no bronchopleural fistula. Bronchoscopy was negative, 
Bronchospirometry showed 80 per cent of function on the right and 20 per cent on the left 
side. The vital capacity was 3.2 liters. 

On Jan. 30, 1950, decortication of the left lower and part of the upper lobe was done. 
Expansion on the table was immediate and good. Suction drainage was done for five days, 
and then the wound was sutured. The lung continued to expand and radiologically was stable 
enough so that thoracoplasty was not done. He was returned to the sanatorium after six 
months and has remained there since. The functional recovery of the expanded lung has been 
estimated by bronchospirometry to be 50 per cent (Figs. 10.4, lOB, and IOC). 


Case 7.—^D. M., man, aged 51 years, R.E.L.H. The disease was first recognized in Jan¬ 
uary, 1950, and the patient was admitted to a sanatorium with a positive sputum. Pneumo¬ 
thorax was begun in April. In May, 1950, a spontaneous pneumothorax occurred following a 
refill. Effusion followed shortly and was treated by aspiration and streptomycin. In June, 
1950, the tubercle bacilli were found in the thickening effusion. He was transferred to the 
Royal Edward Laurentian Hospital for surgery. 

Examination on admission showed the patient to be febrile, and a positive sputum. In 
the backgrovmd there was infiltration of both lungs with an upper cavitary lesion on the right. 
His weight was 140 pounds; -ratal capacity 2.6 liters; bronchoscopy showed atelectasis but no 
stenosis. There was no evidence of a bronchopleural fistula. Bronchospirometry was not 
done. 

On June 12 a lower lobe decortication was done with good expansion on the table under 
positive pressure. IVithin a week suction drainage was discontinued, and the wound was 
closed. Aspiration was continued. In September and October he had a two-stage seven-rib 
thoracoplasty done, which cured the empyema and converted him. 

He is presently in the sanatorium and remains well. 


Case 8.—(J. D., man, aged 25 years, Q.M.V.H. The disease was found in June, 1948, 
nd he was admitted to a sanatorium where a loft pneumothorax was induced. In 
) ember 1948, effusion became prominent, and six months later JI. tuberculosis we. e 
d Ho was treated by aspiration and streptomycin without success. He was transferroJ 
o'the Queen Mary Veterans’ Hospital in October, 1949. 

Vv^mination on admission showed the patient to be febrile. The sputum was negative, 
had a^eft-sided tuberculous empyema. The contralateral side was clear. Bronchoscopy 
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A. 


J3. 


O. 

Fig^. 10.— A, Case 6. A. il.. shows origiual condition ot lungs. S, Empyema, C, Stable, ex¬ 
panded lung with 50 per cent functional recovery requiring no thoracoplasty. 

Case 9.—I. L., man, aged 35 years, Q.M.V,H. The onset of disease was in 1947, when 
he was admitted to a sanatorium where a right pneumothorax was shortly begun. The effusion 
became empyema in 1948, and he received conservative treatment for the next vear. In 1949 
he was transferred to the Queen Mary Veterans ’ Hospital for surgery. 

On admission the patient was febrile, and had a positive sputum. There was a right¬ 
sided tuberculous empyema and the contralateral side showed infiltration. Bronchoscopy 
showed no definite bronchial disease, and the bronchopleural fistula was only recognized later. 
Vital capacity was 2 liters. * ” 
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In June, 1919, lower lobe decortication was carried out with moderate expansion. 
Shortly after the operation the newly expanded lung collapsed, however. The empyema became 
secondarily infected, and the bronchopleural fistula was recognized. Thoracoplasty was done 
in three stages, but the patient has a persistent gutter cavity of mixed empyema and chronic 


Case 10.—G. B., woman, aged 37 years, Q.U.V.H. The patient ’s disease was found in 
1918, and she received a right pneumothorax in tlie sanatorium. Effusion developed shorth 
afterward and this became recognizable empyema in May, 1919. For the next six months 
conservative measures were adhered to, then she was transferred to the Queen Mari \eterans 
Hospital for surgery. 

Examination on admission showed that the patient was febrile, and she had a negative 
sputum. There was right-sided tuberculous empyema and minimal areas of stable infiltration 
in the opposite lung. Bronchoscopy was negative, and there was no bronchopleural fistula. 
Vital capacity was 3 liters. 

In September, 1919, decortication of the right lung was done with immediate good ex¬ 
pansion. No thoracoplasty was needed as the underlying expanded lung was stabilized. The 
functional recovery has been only fair, however, but not accurately estimated. 


COMMENT 


Altliougli tlie technique used and management following operation are now 
generally Ivnovri and need not be recounted, a few comments are indicated. 

Generally spealdng, the visceral peel has been developed and removed with 
no great difficulty, leaving islands wherever very adherent to nndeilying visceral 
pleura or lung. In only two cases was the visceral peel so densely adherent as 
to make removal tedious, and these were cases with extensive pulmonary fibrosis. 
The diaphragm has been freed and some respiratory movement obtained in each 
instance, otherwise the amount of parietal decortication lias been variable, and 
tended to be minimal. The upper lobe has been partly decorticated in three in¬ 
stances where more complete expansion was anticipated and considered desirable. 
In these instances considerable functional lung was restored and thoracoplasty 
obviated. Tears in the visceral pleura, where appreciable, have been sutured at 


once to minimize air escape. This lias been variable and on tlie whole not re¬ 
markable. Fibrin foam has been used at times. Using endoti'acheal anestliesia. 
positive pressure expansion of the decorticated liuig has been attempted in everv 
instanee with varying results, as shown on the summary chart. IThen expan¬ 
sion has occurred it has not been subsequently lost except in the one failure. 
Postoperative suction drauiage has been accomplished ivith one 45P. tube and 
maintained for not more than a week in any case. The suction pressure varied 
from 10 to 20 cm. of water. After removal the drainage woiuids were deliber¬ 
ately sutured, and aspiration substituted. Persistent sinus tracts occurred in 
our one failure. The aspirated fiuid has never become purulent in any case but 
the failure. Streptomycin and sulfonamides have been used topically. 

In Case 5 thoracoplasty was begun before the decortication which was car 
ned out „ctt»lly at tlto third stajo. Tho vori.,ti„,. i„ procedure tras adopted ip 
au eftorl lo oftset the existing bioncliopleural fistula. Tliou-h soeces.sfu] it u-a. 
ouud teehhieaiiy .pore dffleui, than operation upon the tXS oix 

In this case a phrenic crush was added, but not in the others. ^ 
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Our results so far have been encouragingly successful, as will be seen from 
the preceding case reports given with minimal detail. For easier study we have 
added charts embodying the principal data. It may be noted that there have 
been no deaths, and morbidity has been remarkably light. As a result of this, 
the plan is calculated to cut the patient’s hospitalization notably. 

We wish to emphasize the time element in these results—most of the pa¬ 
tients have been lying around sanatoria or hospitals for j^ears. 

SUMMARY 

1. The unsatisfactory and mutilating results of the past surgery for chronic 
tuberculous empyema, including Schede tj^ie of operations, has engendered the 
plan to decorticate before thoracoplasty. This plan is particularly useful for 
the more completely collapsed lung, and decortication should include at least 
the lower lobe and diaphragm, hlore extensive visceral and parietal clearing 
should be done as indicated. 

2. This plan was suggested by the observation that in those chronic em¬ 
pyemas vith the lower lobe adherent to the diaphragm, a limited thoracoplasty 
is generally successful in preventing residual gutter empyema and draining 
sinuses. 

3. The results of the plan have been generally satisfactory in our small 
series, even when the empyema was as long standing as six years. B.r satis¬ 
factory we simplj^ mean the elimination of the empyema. 

4. This result is our prime consideration and may occur with or without 
more or less functional improvement in the collapsed lung. Such a gain in func¬ 
tion has occurred in some cases and was well marked in two. This accrued bene¬ 
fit makes the decortication plan the more valuable. 

5. The fairly rapid reeoverj'^ and early discharge from hospital, even in 
very long-standing cases, are facts which may well be stressed. 

6. There have been no deaths in our series, and morbidity following opera¬ 
tion has not been noteworth}^ 

7. Our one failure had an appreciable bronchopleuz’al fistula. This may he 
considered as a possible contraindication, at least in the large ones, though we 
would like more experience. It is possible that means maj- be found to circum¬ 
vent this difficulty. 

8. Another more definite contraindication is underlying active pulmonary 
disease forbidding lung expansion. 

9. Extensive pulmonary fibrosis is not a contraindication, since fimctional 
recovery is not a prime consideration, as has been demonstrated. 

10. This argument may also apply to bronchial stenosis, though it is by 
no means clear. 

11. Most of our successful eases have been followed for well over a year with 
satisfactorj' results. 

12 The successful application of decortication procedures beforcj during, 
and after thoracoplasty gives hope that these procedures will largely eliminate 
the more mutilating operations. 
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13, FinaUv, a plea should be made for not delaving the surcerr once the 
empvema is established. This plea is underlined by the greater likelihood of 
achiering maximum functional recovery, even making thoracoplasty unneces¬ 
sary in a fair percentage of cases. 

Of the ten cases iceluded in tHs report five are from tlie Grace Dart Home Hospital, 
tvro from tte Boval Hfiward Hanrentian Hospital, and three from The Qneen Mary Veteran's 
Hospital, all of Montreal. Me are indehted to Dr.-C. A. Macintosh for permission to in¬ 
clude his case reports, also to Dr. H A. MacManghton for his inierest and slides. 
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DISCCSSIOM OX '-SIMrLTAXEOrS DECOBTICATIOX AXD EESECTIOX IX 
TJXSHCCESSFCX. PXEHMOTHOSAX,” BV DB. ABXOLD O. BILET AXD 
DB. VICTOR H. KAEXnZ: AXD “DECOBTICATIOX PBECEDEXG 
THOBACOPLASTT FOB THE ELIMIXATIOX OF LOXG- 
STAXDEXG THBEBCELOrS EMPYEMA. •• BY 
DE, F. DOEGLAS ACKMAX. AXD 
DB. PATRICK MADOBE. 


DB. HAYTD H. MATEBMAX, Knoxville, Tenn.—Me are indebted to Dr. BBey and 
Dr. Kannitz, and to Dr. Ackman as well Essentially, the indications for decortication 
given by Dr. Riley and Dr. Kannitz are in agreement with ours, and are those that the 
Committee on Surgical Therapy of the American College of Chest Phvsieiaas. of which 
I was a member aud Dr. Abbott was chairman, presented at San Francisco'last year. 
Certainly the indications are widening, as you can well see. 


As to the group that requires resection, I think it might be mentioned that bv and 
large those patients having extensive dmease, and thus not suitable for decortication' have 
probably been noorly selected for pneumothorax in the first place, Mhen we do resAc-;o-- 
on s^mh patients we are, in essence, substituting the correct theranv that should hav^ 
been apphea m the first place. On the other hand, the case that has been well ^elected 
fo. pneumothorax will probably be ideal for decortication. ' 

As to surgical procedure, we are in entire a<wpe-^»i* - . . . 

be removed in aU cases. Me disagree, however, in'the reseWon of th'e rib! Mg 
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an intercostal incision in decortication, even when the ribs are almost overlapped, is quite 
feasible with the use of the Inge bone spreader, an instrument we mentioned in a recent 
publication. With this instrument the ribs can be .spread apart, the intercostal space di¬ 
vided accurately, and the parietal peel stripped away before it is incised. Then with the 
use of an ordinarj- rib .spreader, gradually tightened, an adequate e.xposure can be ob¬ 
tained without division of any ribs whatever. For several years we have advocated this 
incision for all intrathoracic work, in fact, and w-e think that postoperative function of 
the chest wall is far better if there is minimal interference with both musculature and 
rib cage. 

DR. KAUNITZ, (closing); Dr. Riley and I want to thank the Association very 
much for the privilege of addressing this meeting. 

For the reasons Dr. Chamberlain gave earlier this morning, we have felt that 
thoracoplasty as a preliminary' procedure .should be done in a separate stage. We realize 
that other surgeons are using the .same procedures we have indicated, ))ut we felt that it 
was worth while to describe what we consider a logical method of handling these .some¬ 
what complicated situations. 



SUBSCAPULAB PAEAFFIN PACK AS A SUPPLEJIENT TO 
THORACOPLASTY IN THE TREATMENT OF 
PULMONARY TUBERCULOSIS 


■W. E. Ada>[S, M.D.,* William M. Lees, a>:d 

James 3*1. Fritz, (by isvit.ytiox) 

Chicago, III. 


T he modevn type of paravertebral thoracoplasty is the operation of ehoiee 
in a larse percentage of patients witli pulinonary tuberculosis ivliere surgical 
therapy is indicated. This operation has ■witiistood the test of time and jields 
a high percentage of satisfactory results. Concomitantly, when it is carried^out 
in an adequate number of stages, the risk of the procedure is minimal and the 
complications few.^ 

In spite of the contributions this procedure has made in the management 
of pulmonary tuberculosis, it has several disadvantages which leave room for 
improvement. Foremost among these is the fact that a significant percentage 
of patients are left \nth a persistently positive sputum.'^ Thus, further surgay 
is required either in the fonn of collapse or resection therapy. This means that 
the morbidity, as well as the risk of therapy, is increased. A second factor is 
the necessity for the employment of a multiple stage procedure in order to 
safeguard against paradoxical motion ^vith spread of the disease to other parts 
of the lung. Of less importance is a third factor; i.e., the resultant deformity 
due to scoliosis and a sinking in of the scapula and subelavicular area. 

All of these features must be considered when deciding in favor of therap\- 
by thoracoplasty or by resection of the involved area. Although in recent 
yeare the mortality of operation and incidence of complications associated witli 
the resection procedure have decreased considerably due to the use of chemo¬ 
therapy, they still remain a deterrent factor in some tj-pes of lesions. 

In an efiort to improve the benefits of surgical collapse from time to time, 
a number of procedures have been employed ^vith variable degi'ees of success. 
Some of these have been extrapleural in type, othei’s have been subcostal inter¬ 
ventions: Extrapleural pneumonolysis and pneumothorax (TufSeF), ufith 
gauze pack (SchlangeU, with fat (TufiieF), with muscle (Alexander®), u-itJj 
rubber sheeting (LilienthaF), rUth paraffin (BaeF) and with plastic material 
(Wilson®); supraperiosteal and subcostal pneumonolysis with rubber bag 
(Sberer"’), gauze pack (LilienthaF), muscle (Alexander®), paraffin (Eloesser”) 
and plastic material (Lucas’U- When their emplojunent has been restricted 
to specific types of lesions, some of these procedures have proved to be useful 
Howev er, unwarranted extension of their usage has often led to their discredit 


1 , From th$ Department of Surgerv of the Univer^^itv of Phimor. "xt - • , , 
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The degree and selectivity of the collapse obtained by one of these metliods; 
viz., extrapleural paraffin plombage, has been noteworthy. It was this observa¬ 
tion that suggested the possible advantage of using a paraffin pack in combina¬ 
tion with thoracoplasty. 

OBJECT OF PROCEDURE 

In the modern type of thoracoplasty, a serosanguineous fluid aecumiilates 
in the area of collapse following surgery. As this fluid is later absorbed, the 
underlying lung becomes partially re-expanded. This contributes to failure of 
healing of the underlying tuberculous lesion in a signiflcant percentage of pa¬ 
tients. 

In the operation described below the space produced by the thoracoplasty 
is permanently obliterated by a molded piece of paraffin. This prevents re¬ 
expansion of the collapsed lung and produces a more selective type of collapse. 

operation 

In 1947 when this procedure was flrst used, a two- or three-stage operation 
was made. Paraffin molded to fit the space produced by rib resection at the 
first stage was removed at the second or third stage and was not replaced. 
After it was found tliat the wax was well tolerated, it was left in place in- 
definiteljc Furthermore, a better collapse was effected when the procedure was 
performed in one stage rather than in two or three stages. Since paradoxical 
movement was prevented by the snug fitting paraffin paek, the risk of spread 
of the infection was little more than in the two- or three-stage operation. 

The operative procedure used at the present time (and for the last 50 
eases) consists of a subperiosteal resection of the entire first and second ribs 
and as much of the third to the fifth, sixth or seventh ribs as indicated by the 
extent, location and nature of the underljdng lesion. This is performed in one 
stage through an approach commonly employed for the conventional type of 
thoracoplasty. If the lesion requires more than a seven-rib thoracoplasty, the 
operation is performed in two stages, more paraffin being added at the second 
stage. Very little of the transverse processes of the vertebrae need be removed. 
Eelaxation of the lung along the spine is increased by mobflization of the 
parietal pleura and division of the intercostal muscle bundles adjacent to the 
spine. 

While the prepared paraffin is cooling, it is molded into one piece of a size 
and shape to fit the space produced by the collapse. The outer surface of the 
paraffin is rounded to fit into the hollow of the scapula and is flush with the 
outer surface of unreseeted ribs. No attempt is made to greatly increase the 
degree of the collapse by pressure. 

The soft tissues of the chest wall are carefully approximated vdthout drain- 
ao-e by a combination of continuous and interrupted sutures. During the im¬ 
mediate postoperative period a variable amount of fluid accumulates about the 
wax If the amount is sufficient to cause distension of the tissues, it is removed 
by aspiration. This should be expected in at least 50 per cent of tlie operations 
and aspiration may need repeating. 
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ADYAKTAGES OP THE PROGEDHKE 

The principal accomplishment of this operation is the production and 
maintenance of a more adequate collapse of a tuberculous lesion than is possible 
lYith the conventional type of thoracoplasty. This is possible due to the tact 
that the lung is prevented by the plomb from re-expanding as the subscapular 

fluid is absorbed. 

Other advantages of somewhat lesser importance are; (1) a more selective 
type of coUapse is obtained, usually associated ivith the resection of fewer ribs-, 
thus, more functioning lung remains below the collapsed area, a factor of con¬ 
siderable importance in bilateral disease ndth decreased pulmonary reserve. 


CONVEI^TIONAL TWO OR 
THREE STAGE, 7 RTB 
■MODERN THORACOPLASTY 


ONE STAGE, 6 RIB 
TKORACOP3-ASTV 
WITH SUBSCAPULAR WAX 



Fi^. 1.—A, Diagramma ic illustrations of the bonv thorax after a modern tvpe, seven- 
rib thoracoplasty. B, follotving a six-rib, one-stage thoracoplasty with a subscapular wax 
pack. Note greater degree and selectivity of collapse in R, with resection of one less rib in 
one stage and without the removal of entire transverse processes. 


(2) Good results may be obtained vithout the resection of the entire traiisvei-se 
processes; thus, little scoliosis develops following the procedure. (3) Since 
paradoxical motion is prevented hy the immohile pack, a five- or seven-rib re¬ 
section may be safely completed at one operation. Thns, the cost of therapy is 
decreased and the morbidity lowered. (4) The collapsed area is obliterated' by 
the paraffin pack which thns prevents a sinking in of the scapula and suh- 
cla\-icular tissues. There is, therefore, little if any deformity following opera¬ 
tion. Since this tj-pe of thoracoplasty has been used, there has been a noticeable 
willingness on the part of the patients to accept the operation. 




Our experience has been with sixty-five patients treated over the past thre( 
and one-half years. Complications of the procedure have been infrequelt anc 
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o_ .4 PA roentc'enog^mni appefirance of a SS-ycar-old white man showing- multiple 

J tion extending from the apex to the level of the rig^ht second rib an- 

cavitation an infiltrations are present in the left lung, B, Koentgenographic appearance 

teriorly. Scattcrejl thoracoplasty with subscapular paraflln pack. Note selectivity 

following a S)x-Jib, one Slat preservation of lung function belou-. C and z). the patient 

and compl^eness of P absence of scolio.sis or otlier evidence of deformity. 








«howin,; ;n''it.;auon_ of ti'« 
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were no different from those of the conventional type of thoracoplasty. There 
have been no infections of the subseapular space and no bronchial fistulas. 
Atelectasis has been seen in two patients, and in both instances disappeared fol¬ 
lowing bronchoscopic aspiration. One superficial infection developed which 
healed readily without ill effect. In one patient, before aspiration of sul)- 
seapular fluid was emplojmd, opening of the wound with extrusion of a portion 
of the wax occurred. The wound subsequently healed spontaneously. There 
have been no deaths attributable to the use of subscapular wax. In 1947, one 
patient with far-advanced bilateral disease expired following the second stage 
of a two-stage thoracoplasty of cor pulmonale. In 1948 one patient died due 
to a transfusion reaction. There have been no late complications. 



A. B. 

Fig. 4.— A, Preoperative roentgenogram of a 39-year-oid wliite woman showing moderate 
sized cavity in right subapical area. Incomplete aeration is present at riglit base following 
resorption of pleural effusion. Scattered infiltration is present in the left lung, B, Appearance 
following a six-rib, one-stage thoracoplasty and subscapular pack. Note completeness and 
selectivity of collapse. 


DISCUSSION 

Tlie rationale of this operation appears to be on a sound foundation. It 
combines the benefits obtained by both thoracoplastj'- and extrapleural plombage 
with paraffin, and simultaneously eliminates the undesirable effeets or complica¬ 
tions of each. By protecting the lung and maintaining the blood supply to the 
tissues through preservation of the periosteum and intercostal structures, com¬ 
plications associated with extrapleural paraffin pack are avoided. Since less 
pulmonary reserve is sacrificed and deformitj’’ is prevented, tlie deficiencies of 
the conventional fiTe of tlioracoplasty are eliminated. 

In performing the operation several factors should be kept in mind. Rc- 
tinn of ribs below the second should not be carried fonvard to include the 
TiZvior ends since this may allow tlie paraffin to gravitate anteriorly out of 
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the proper position. Thus, an inferior degree of collapse would result. The 
amount of paraffin to be used should be of sufficient size to obliterate completely 
the area of collapse and maintain the scapula in normal position. This amount 
is usually 400 to 500 Gm. in a five- to six-rib thoracoplasty. Closure of the 
wound should be made with care since some pressure usually develops due to 
the accumulation of fluid. Closure in layers with a combination of interrupted 
and continuous sutures has been found satisfactory. 

Indications for operation have been similar to those for modern thoraco- 
plastv. It is possible that with further experience these indications may be ex¬ 
tended. This is intended as a preliminary report since insufficient time has 
elapsed to know what may eventually be accomplished with the procedure. 
However, in most patients the sputum becomes negative within a few weeks 
after operation. 



B. 


=■—of a 28-year-o)d -nhite man shoa-ing Involvement of riant nnnpr 
lobe witii retraction torvard the apex A pneumoperitoneum is pr&ent below R 
view following a six-rib. one-stage tlioracoplastv with subsSpular dISL 

was largely obliterated before operation. suoscapuiar pack. The pneumoperitoneum 


SUMMARY 


The nse of subscapular paraffin pack in thoracoplastv for pulmonarv 
tuberculosis is described from an experience with sixtv-five patients over the 
past three and one-half years. Its advantages over the conventional tvpe of 
thoracoplasty include: (1) a better and more selective collapse- (2) reduction 
of expense and lower morbidity; (3) less reduction in pulmonary reserve; and 
(4) lack of postoperative deformity. Complications are no different than those 
associated with the conventional type of thoracoplasty. 

references 



382 


THE JOURNAL OF THORACIC SURGERY 


2. Lees, William M., Yang, Stephen, Papoulakos, Michael, Bosch, Jon, Alexander, John, 

and Larralde, Angel: Results in 278 Patients Who Had a Modern Tj-pe of 

Thoracoplasty for Tuberculosis. Pollow-up of Living Patients 5 to 15 Years 

After Operation, J. Thoracic Surg. 22: 329, 1951. 

3. Tuffier, T.: Semana med., Buenos Aires 11: 202, 1891. 

4. Schlange: Chirurgenkongress 1907, Verhandlungen, p. 80. 

5. Tuffier, T.: Etat actuel de la chirurgie intrathoracique, Paris, Masson et Cie 1914, pp. 

90-105 and 116-172. 

6. Alexander, John: Collapse Therapy of Pulmonary Tuberculosis, 1937, Springfield, Ill., 

Charles C Thomas, p. 402-406. 

7. Lilienthal, Howard: Tuberculosis of the Lungs: Apicolysis by Two Different Meihods, 

Surg. Clin. North America 8: 235, 1928. 

8. Baer, G.: Die extrapleural Plombierung bei Lungentbc, Munchen. mod. Wclmsclir. 68: 

1582, 1921. 

9. Wilson, D. A.: Extrapleural Pneumonolvsis With Lucite Plombage, J. Thoracic Surg. 

17: 111, 1948. 

10. Sherer: Zentralbl. f. d. ges. Tuberk. Forsch. 22: 353, 1924. 

11. Eloesser, Leo: Subcostal Extrapleural Compression of the Lung, J. Thoracic Surg. 1: 

672, 1932. 

12. Lucas, B. G. B., and Cleland, W. P.: Thoracoplasty With Plombage, Thorax 5: 24S, 

1950. 

DISCUSSION 

DR. ALFRED GOLDMAN, Beverly Hills, Calif.—Like Dr. Adams, we have been 
impressed with the possibilities of improving collapse therapy wdth extra-fascial packing 
' or extra-periosteal packing. To do this, we have used plastic spheres in the extra-fascial 
space. The first group of patients, operated on beginning in the latter part of 194i, were 
those who had had concomitant removal of the upper three or four ribs. 

(Slide.) This shows the reaction that occurs around the lucite spheres; it is made 
up largely of collagenous tissue; often the lining of this reaction is made up of low 
cuboidal epithelium. 

(Slide.) Tliis shows the extra-periosteal lucite pack with thoracoplasty of tliree 
ribs for closure of this cavity. This was one of the early patients who has been sputum¬ 
negative for three years. 

(Slide.) Another patient, .showing the cavity with the phrenic and thoracoplasty, 
and extrafascial lucite pack. 

(Slide.) This young woman was operated on about two and a half years ago; nine 
months afterward she became pregnant; she was delivered without exacerbation after 
a normal confinement. 

(Slide.) These are the results in the first fourteen cases of extrafascial lucite pack 
with thoracoplasty. One patient is positive, since this slide was made about eighteen 
months ago; two other patients have had lobectomy and one patient has expired from 
tuberculosis. 

(Slide.) This shows the size of the cavities in which the operation was done. Most 
v.-cre more than two centimeters in diameter. 

(Slide.) This shows the position and the technic used. Incision is almost the same 
as a thoracoplast.v exposure. 

Later we began a second type of extrafascial procedure in which we left the rib.s 
in and put the lucite pack under the ribs. 

(Slide.) This shows the lucite pack under the ribs. 

Of the total number of patients who Imve had this type of operation, either with 
the ribs in or removed, there were 89, and of this number 69 or 78 per cent are sputum- 
negative on repeated culture at this time. 

UR. EDWARD J. O’BRIEN, Detroit, Mich.—I really do not think there is much 
excuse for packs of any sort or embellishments of thoracoplasty. There is only one excuse 
for a paraffin pack, and that is because respiratory reserve is so low that nothing else 
could be tolerated. Here, a very small pack might be risked with proper fear of what 
taitrht happen Using these foreign bodie.s, whether lucite balls or snowballs or paraffin 
or whatever it is, reminds me of loaning money to a good friend. You expect to get it 
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back. You ^1 get it back either through the brouchus or tvhen you go back in to take 
it out I still think that, in a cavernous lesion, a good thoracoplasty is preferable to re¬ 
section for reasons that are obvious. I think—loiver mortality, femer complications, etc. 
Bv good thoracoplastv, I mean complete resection of aU the transverse processes in¬ 
cluding first, also the rib ends. The first three ribs should be removed to the cartilage; 
the remaining ones far forward, and a sufficient number of them removed to get well below 
the cavity. If. after a good clean thoracoplasty, without a lot of rubbish piled in, you 
still have positive sputum after about sis months or more, a resection should be done. 
I think the tendency is to rush to resection too quickly, however. I do not think you can 
espect to take a thick leather-wall caifity, filled with esudate. and collapse it. and espect 
it to be closed and healed in a month or sis weeks. I have seen cavities that were ap- 
parentlv open three or four months after thoracoplasty that would close later. I think 
some time limit must be set. and we have thrown sis months in as the probable opportune 
time. 

I would like Dr. Adams to esplain to me just how he avoids pressure when one does 
not know just how much of a foreign body is needed to cause cavity closure. In one of 
his cases, I noticed that the lesions were productive. IVe believe that productiie, caseous 
lesions that persist or recur after treatment should be resected, but the use of all forms of 
foreign body packs and embellishments of thoracoplasty should cease. 

ME. W. P. CLELA>rD. London, England.—I would like to thank you very much for 
the opportunity of speaking before you. although I rather hesitate to take the floor after 
Dr, O’Brien^s remarks about these procedures. On the other hand. I have come to the 
conclusion that my “friends” must be good ones, as most of my money has not been re- 
truned to me either through the bronchus or by other routes. 

My training in the treatment of tuberculosis evolved around the Semb type of 
thoracoplasty, and my own experiences with that procedure have been very satisfactory, 
with a cavity closure rate of approximately SO per cent and a similar rate of sputum con¬ 
version. I was. however, a little unhappy with the procedure as it necessitated multiple 
stages, produced a certain amount of deformity and also left the apical portion of the 
lung unsupported and liable to develop paradoxical movement. 1 believe that paradoxical 
movement has a lot to do with the spread of the disease and atelectasis which occurs in 
a number of cases. 


In order to overcome some of those deficiencies I started to experiment with various 
forms of plombage. I read with great interest the reports from this country about the 
early use of Incite bails but found them ratber discouraging. I think a close studv of 
thoracoplasties and extrapleurals gives a clue to the bad results obtained with the earlv 
plomhage cases. Our own experience with extrapleural pneumothoraces indicates that 


sooner or later about 20 per cent of cases develop tuberculous pus in that extrapleural 
space. On the other hand the thoracoplasty rarely develops pus in the extrafascial space. 
This space is more remote from the lung and therefore from diseased lung tissue and this. 
I think, is a clue to the avoidance of many of the troubles that one has with plombage! 


I employ a procedure very similar to the one that Dr. Goldman described, leaving 
all the ribs in situ but stripping them of their periosteum except for a small portion on 
the outer aspect. This allows the intercostal muscles with their blood supply to fall down 
with the niobilized lung, where they form a barrier between the plomb'and the lung 
tissue. I dh-ide the second and third ribs posteriorly so as to give plentv of space to do 
an apicolysis, which I believe is of value in achieving carity closure. After mobilizing 
the lung the ribs are resutured, leaving solid chest wall which does not exhibit nara'"- 
doxical movement. The plastic material we have been using recentlv is poMhene made 

have a half-inch hole bored'thronvh the 
enter. Tht^- nre in fact really beads. They .are not particularlv heaw but 
his peat advantage over the hollow Incite balls in that thev can be boiled and one can 
be abso utcly certain about their sterility. I have done in tke last few ylars nearlv 'bU 
• ■5 0 t IS type, with complication rates which .are approximately , half of those en- 
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countered witli my own thoracoplasties; and with results as regards cavity closure and 
sputum conversion which I think compare favorably with the Semb tj-pe of thoracoplasty. 

The whole crux of this plombage problem I am sure is going to rest upon the final 
attitude of the tissues to a foreign body, and in that connection I would like to mention 
that in these 200 cases I have had only' three that have developed tuberculous pus late 
after the procedure. These are the only' three cases that have given rise to any trouble 
directly referable to the plomb. 

DB. T. E. HUDSON, Chicago, Ill.—^Being situated geographically' rather close to 
Dr. Adams, Dr. Head and I were stimulated early in his work and we have tried thi.^ 
procedure; altogether we have used it in forty cases. We have followed a somewhat 
different proeedure, however, in that w'e ordinarily do not leave the paraffin permanently 
in place, removing it at the second stage of thoracoplasty. For one reason or another, 
however, in fifteen cases we did leave paraffin in place after the first stage of thoraco¬ 
plasty. Four of these had to be removed because of unusual accumulations of fluid which 
could not be effectively dealt with by repeated thoracentesis. So far as complications 
are concerned we have had none in these forty' cases, unless you consider a rather violent 
accumulation of fluid around the pack a complication. There have been no infections, 
no extrusion of paraffin, and no bronchopleural fistulae. I would like to show three or 
four slides: 

(Slide.) This series of slides simply shows the lesion at the beginning. 

(Slide.) This shows the paraffin pack in place, and the third slide shows the patient 
after the second stage of thoracoplasty and removal of the paraffin pack. 

I think y'ou will all agree that is a rather severe lesion shown in the first film, and 
probably' a much better thoracoplasty with the pack than one would expect without having 
used it. 

(Slide.) This is another patient; on the left the appearance of the chest after tho 
second stage of thoracoplasty, the pack having been removed; it shows the large ac¬ 
cumulation of fluid that does occur. 

(Slide.) This shows the girl after an undetermined period, and shows, I believe, a 
rather good thoracoplasty and one which might be better than one would e.xpect without 
the use of the pack. 

(Slide.) This shows a girl with a very' large cavity' in the top of the left lung, in 
which we did two stages of thoracoplasty', using the pack betw'een the stages. This lesion 
was so extensive that we felt something in addition was needed, so, following removal of 
the pack in the second stage we continued to keep this space by means of air injections 
into the subscapular space, and the second slide shows her condition during that course 
of treatment. 

I might say that in removing all these packs we have noticed a very definite in¬ 
flammatory' membrane that forms around the pack, and I suppose it is this inflammatory 
membrane that contains the air and keeps it from extravasating into the fascial and mus¬ 
cular planes. 

(Slide.) This is an example of a patient in w'hom we had thought we might leave 
the pack in, but as you see there was a terrific extravasation of fluid around the pack; 
the operation was done originally for a small lesion, and it was felt unjustified to leave 
the lung in this condition, so we removed the pack and continued the smaller refill space 
which does effectively control the lesion. 

DB. EOBEBT KLOPSTOCK, Jamaica, New York.—It is recognized tliat the most 
reliable form of cavity healing occurs by concentric shrinkage and not by compression 
and subsequent inspissation. We felt that the mechanism for this method of cavity 
closure could be achieved by pro^'iding a graded relaxation of the chest wall rather than 
by added compression of the diseased area. Performing the thoracoplasty in caudo-apical 

progression seems to provide the mechanism referred to. 

The advantage of this procedure was brought to our attention by Drs. Herbert C. 
ATaier and"Walter Fischer who, in 1947, demonstrated a case with a giant cavi ty in which 
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the thoracoplastv was performed from below upward to preveat ipsilateral spread. “We 
were so impressed with their result ''as such” that we uudertook caudo-apical thoraco- 
plastr ia a number of consecutive cases and studied the mechanism of cavitv closure with 
interstate anteroposterior and lateral tomographv. tVe found that the so-caUed lower 
or first stage (at a level as determined by the extent of the pathology) provides an im¬ 
mediate relaxation of the diseased area and an immediate concentric diminution in the 
size of the cavity. And at the time of the final or apical stage, it permits a concentric 
shrinkage of the cavity-bearing parenchyma rather than causing compression of the 
cavity itself and its subsequent inspissation. Our observation is based on 100 consecutive 
cases performed at Triboro and Seaton Hospitals by Morris Enbin and myself, on pa¬ 
tients in whom resection vras not desirable due to their borderline conditions or to the 
extent and distribution of their pathology. This procedure, as we used it, eliminated the 
need for supplementary procedures such as apicolysis, anterior stages, or revisions. The 
patients have been followed from one to four years since completion of their surgery. 

(Slide.) These are roentgenograms of a typical case operated upon; the pre¬ 
operative conventional chest radiogram, and left lateral tomogram. You see two very 
large cavities; one occupying the apico-posterior segment of the left upper lobe, one in 
the superior segment of the left lower lobe. 

(Slide.) The Bucky film of the left chest shows that the posterolateral segments 
of the seventh and sixth ribs have been resected. Yon see on the two lateral tomograms 
that both cavities are markedly diminished in size by concentric shrinkage. 

(Slide.) Again the Bucky film of the left chest: lower and middle stages have been 
completed and the upper three ribs not yet removed. The two lateral tomograms demon¬ 
strate a further considerable decrease in the size of the cavities. 

(Slide.) This is the conventional roentgenogram of the chest after completion of 
the seven-rib thoracoplasty. The patient has been observed now for three years, having 
negative cultures. 

Me feel that such gratifying results in the presence of large cavities of the size as 
demonstrated could not have been achieved with a seven-rib thoracoplasty if developed 
in the conventional apico-caudal fashion. 

DK. ADAMS, Chicago (closing).—I wish to thank the discussors for their remarks, 
I appreciate the fact that the reaction against using foreign bodies within the chest has 
been rather severe, and naturally one is influenced by his experiences which mav have 
been unfavorable in the use of foreign material. This has he.ea largelv in connection with 
extrapleural paramn pack or Incite plombage. I was acquainted with the experiences 
of the group at the Brompton Hospital, having talked with Dr. Lucas a short time ago 
when he visited this country. Others including Dr. Goldman, Dr. Head, and Dr. Meltzer. 
have used parafin or plastic material placed outside of the intercostal muscles and 
periosteum beneath the scapula, with favorable results. The results, as time goes on 
are likely to be difterent from those in cases where it was used extraplkrallv. Of course' 
as I have said, this is in the form of a preliminary report and at a later' date we can 
make a follow-ap report. 
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countered with my own thoracoplasties; and with results as regards cavity closure asd 
sputum conversion which I think compare favorably with the Semb type of thoracoplasty. 

The whole crux of this plombage problem I am sure is going to rest upon the final 
attitude of the tissues to a foreign body, and in that connection I would like to mention 
that in these 200 cases I have had only' three that have developed tuberculous pus late 
after the procedure. These are the only three eases that have given rise to any trouble 
direetly referable to the plomb. 


DB. T. E. HUDSON, Chicago, Ill.—Being situated geographically rather close to 
Dr. Adams, Dr. Head and I were stimulated early in his work and we have tried this 
procedure; altogether we have used it in forty cases. We have followed a someffhat 
different procedure, however, in that we ordinarily do not leave the paraffin permanently 
in place, removing it at the second stage of thoracoplasty. For one reason or another, 
however, in fifteen cases we did leave paraffin in place after the first stage of thoraco- 
plastJ^ Four of these had to be removed because of unusual accumulations of fluid which 
could not be effectively dealt with by repeated thoracentesis. So far as complications 
are concerned we have had none in these forty cases, unless jmu consider a rather violent 
accumulation of fluid around the pack a complication. There have been no infections, 
no extrusion of paraffin, and no bronchopleural flstulae. I would like to show three or 
four slides: 

(Slide.) This series of slides simply shows the lesion at the beginning. 

(Slide.) This shows the paraffin pack in place, and the third slide shows the patient 
after the second stage of thoracoplasty and removal of the paraffin pack. 

I think you will all agree that is a rather severe lesion shown in the first film, and 
probably a much better thoracoplasty with the pack than one would expect without haung 
used it. 

(Slide.) This is another patient; on the left the appearance of the chest after the 
second stage of thoracoplasty, the pack having been removed; it shows the large ac¬ 
cumulation of fluid that does occur. 

(Slide.) This shows the girl after an undetermined period, and shows, I believe, a 
rather good thoracoplasty and one which might be better than one would expect without 
the use of the pack. 

(Slide.) This shows a girl with a very' large cavity- in the top of the left lung, iu 
which we did tn-o stages of thoracoplasty, using the pack between the stages. This lesion 
was so extensive that we felt something in addition was needed, so, following removal of 
the pack in the second stage we continued to keep this space by means of air inyeetions 
into the subscapular space, and the second slide shows her condition during that course 
of treatment. 

I might say that in removing all these packs %ve have noticed a very definite in¬ 
flammatory- membrane that forms around the pack, and I suppose it is this inflammatory 
membrane that contains the air and keeps it from e.\:travasating into the fascial and mus¬ 
cular planes. 

(Slide.) This is an example of a patient in whom we had thought we might leave 
the pack in, but as you see there was a terrific extravasation of fluid around the pack; 
the operation was done originally for a small lesion, and it was felt unjustified to leave 
the lung in this condition, so we removed the pack and continued the smaller refill space 
which does effectively control the lesion. 


DR. EOBEBT KLOPSTOCK, Jamaica, New York.—It is recognized that the most 
reliable form of ca-r-ity- healing occurs by concentric shrinkage and not by compression 
and subsequent inspissation. We felt that the mechanism for this method of cavity- 
closure could be achieved by providing a graded relaxation of the chest wall rather than 
b • added compression of the diseased area. Performing the thoracoplasty in caudo-apical 

progression seems to provide the mechanism referred to. 

^ The advantage of this procedure was brought to our attention by Drs. Herbert C. 
•M • and Walter Fischer who, in 1947, demonstrated a case with a giant cavity in w ’ - 
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the thoracoplastv -^vas performed from belorv upward to prevent ipsilateral spread. We 
vrere so impressed with their result “as such” that we undertook caudo-apical thoraco¬ 
plastv in a number of consecutive cases and studied the mechanism of cavity closure with 
interstage anteroposterior and lateral tomographj*. We found that the so-called lower 
or first stage (at a level as determined by the extent of the pathology) provides an im¬ 
mediate relaxation of the diseased area and an immediate concentric diminution in the 
size of the cavity. And at the time of the final or apical stage, it permits a concentric 
shrinkage of the cavity-bearing parenchyma rather than causing compression of the 
cavity itself and its subsequent inspissation. Our observation is based on 100 consecutive 
cases performed at Triboro and Seaton Hospitals by Morris Bubin and myself, on pa¬ 
tients in whom resection was not desirable due to their borderline conditions or to the 
extent and distribution of their pathologj'. This procedure, as we used it, eliminated the 
need for supplementary procedures such as apicolysis, anterior stages, or revisions. The 
patients have been followed from one to four years since completion of their surgery. 

(Slide.) These are roentgenograms of a t 3 rpical case operated upon; the pre- 
operative conventional chest radiogram, and left lateral tomogram. You see two very 
large cavities; one occupj-ing the apieo-posterior segment of the left upper lobe, one in 
the superior segment of the left lower lobe. 

(Slide.) The Bucky film of the left chest shows that the posterolateral segments 
of the seventh and sixth ribs have been resected. You see on the two lateral tomograms 
that both cavities are markedlj- diminished in size by concentric shrinkage. 

(Slide.) Again the Bucky film of the left chest: lower and middle stages have been 
completed and the upper three ribs not yet removed. The two lateral tomograms demon¬ 
strate a further eousiderable decrease in the size of the cavities. 

(Slide.) This is the conventional roentgenogram of the chest after completion of 
the seven-rib thoracoplasty. The patient has been observed now for three years, having 
negative cultures. 

We feel that such giatifyiug results in the presence of large cavities of the size as 
demonstrated could not have been achieved with a seven-rib thoracoplasty if developed 
in the conventional apieo-caudal fashion. 

BE. ADAMS, Chicago (closing).—I wish to thank the discussers for their remarks. 
I appreciate the fact that the reaction against using foreign bodies within the chest has 
been rather severe, and naturally one is influenced by his e.xperiences which may have 
been unfavorable in the use of foreign material. This has be.en largely in connection with 
extrapleural parafiiu pack or lucite plombage. I was acquainted with the experiences 
of the group at the Bromptou Hospital, having talked with Dr. Lucas a short time ago 
when he visited this country. Others including Dr. Goldman, Dr. Head, and Dr Meltzer 
have used paraffin or plastic material placed outside of the intercostal muscles and 
periosteum beneath the scapula, with favorable results. The results, as time goes on 
are likely to be diHerent from those in cases where it was used extrapl^rally. Of course’ 
as I have said, this is in the form of a preliminary report and at a later date we 
make a follow-up report. 



ENDOSCOPIC SPONGE BIOPSr 

M. G. Carter, M.D.* (by invitation), K. K. Nesbit, M.D (by invitation), 
AND C. A. Piper, M.D.*** (by inittation) 

New Haton, Conn. 

R ecent improvements in both tJie instruments and technique of endoscopy 
and the introduction of methods for cytologic examination of sputum and 
bronchial secretions have reduced the number of patients with intrathoracic 
disease in whom a preoperative'diagnosis cannot be made. We have used modi¬ 
fications of the Papaniealaou smear technique for identification of cells secured 
at bronchoscopy or esophag'oseop 3 ^ There are certain limitations to the method, 
as others have noted.^ Our principal troubles were inadequate specimens or 
smears which were too heav.y, excessive amounts of pus or mucus, a predominance 
of blood in the slides, and dry specimens. There is no question that the patholo¬ 
gist must be interested in spending time and effort in the search for and inter¬ 
pretation of cells, which at times is a tii’esome and difficult task. Even under 
the best circumstances, the limitations of this, and probablj’’ of anj^ other cjdologic 
method, prevent either tlie dogmatic assumption that positive smears always 
mean cancer, or more certainly, that negative smears prove its absence.* 

Recently, we began using Gelfoam, and later Onkosponget for collection 
of secretions endoscopieallj^ Tliis report summarizes the significant information 
from the first eighty patients in ivliom bronchoseop.v and/or esophagoscopy' were 
performed since we adopted this ejdologic method. 

method 

Sponge biopsies were obtained cndoscopicallj^ b.y the method described by 
Gladstone.® They are secured at bronchoscopy^ as illustrated in Fig. 1- The 
bi'onehoscope is passed and, after a thorough examination of the bronchial tree, 
a small segment of sponge which has been securely fastened to the standard 
sponge carrier is introduced into the orifice of the suspected lobe or segment. 
This sometimes induces cough, ivhieh is probably'^ a desirable effect, since it ejects 
material from the bronchus. The sponge is moved gently'' and is alloived to 
remain in contact with the secretions or mucosal surface for at least one minute. 
It is then Avithdrawm and immediately placed in a .small bottle containing 10 per 
cent neutral formalin. If a visible tumor is present, the sponge may be rubbed 
vigorously^ over the tumor surface. 

When investigating lesions of the esophagus or cardiac end of the stomach, 
the sponge is rubbed over tlie visible tumor or pushed through the strictured 
area. If cancer is thought to penetrate the wall of the trachea secondary to an 
esophageal lesion, the sponge is rubbed over the area sirspeeted. 

From the Thoracic Service and the Department of PatholoCT’. Hospital of St. Raphael. 
Read at the Thirty-flry Annual Meeting of The Americ.-in Association for Thoracic Sur¬ 
gery, Atlantic City. N. J.. Apni lG-18, 1951. 

♦Assistant Visiting Surgeon in Charge of Thoracic Surgery, Hospital of St. Rapliael. 
♦•Pathologist, Hospital of St. Raphael. 

♦♦♦Lieutenant, U. S. Navy Medicai Corps. Formerly. Resident Surgeon. Thoracic Service. 
Hospital of St. Raphael. 

■fMay he obtained from Histomed, Inc., Patterson. N. J. 
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ijaien receded br the patbologr laboiatovj-. the epoMe is handled precisdr 
as arT^ sate see,Tons'. AiL renaoeal fnom the fomalin it is earned throngh 
the £i embedded in paraffin, and mnlHple seetio^ are made mtaeh 

S: SreT serM.r on one or more slides. The 

that further sections may be cut if interpretation of the slides is eqmvocal. 



Fi^. 1.—Dravrins to illustrate the sponse biopsy ipethod for obtaining tumor cells at bronchos- 
copy. Inset shoe's enlarged view of sponge in carrier. 


MATERIAL. AXD RESULTS 

The ages of the patients ranged from 20 to SI yeai-s. Fifty-nine of the 
patients were over 50 years of age. There were sixt\--five males and fifteen 
females. 

Twenty-three patients were proved to have tumors of the lung of which 
twenty-two were cancer and one was adenoma. The diagnostic sequence for 
these patients is illustrated in Table I. Preliminary clinical diagnoses included 
carcinoma in twenty-one patients, lung abscess in one patient, and pneumonia in 
one patient. A positive diagnosis of cancer was established by bronchoscopv in 
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Table I. Diagnostic Sequence in Twenty-Three Cases of Proved Pulmonary Tumors 


diagnostic methods 

1 diagnoses 

ABSCESS 

PNEUMONIA 

cancer 

SUSPECTED 

CANCER 

BENIGN 1 
TUMOR i 

NO TUMOR 
SEEK 

Clinical 

1 

1 

21 




Endoscopic 

1 


7 

7 


s 

Sponge 



7 

G 

1 

9 

Final diagnoses* 



22 


1 



•Established by operation or autopsy. 


seven, suspected in eight, and bronchoscopy was negative in eight. In this same 
group, sponge biopsj'’ was positive for cancer cells in seven and questionable in 
six. No tumor cells were seen in nine, and tumor cells "probably benign” were 
found in one. This last patient was subsequentlj^ shown to have a broncliial 
adenoma. The patients with a positive sponge biop.sy were not all from tlie 
same group of seven as those showing a positive bronchoscopy. Tumor cells 
were identified in the sponge taken from tivo patients in whom tumors were not 
diagnosed by bronchoscopy. There were no falsely positive sponge biopsies. 


Table II. Diagnostic Sequence in Fourteen P.atients With Lesion.s of the BsoriiAcus 

OR Gastric Carcia 



CANCER OF 

1 ESOPHAGUS 

1 CANCER ! 

INVADING i 

TRACHEA 

CANCER 

GASTRIC CARDIA 
ASCENDING 

esophageal 

STRICTURE, 

benign 

Endoscopy diagnostic 

9 

1 

(Fistula) 

0 

2(?) 

Endoscopj’ not diagnostic 

0 

2 

3 

0 

Sponge diagnostic 

Not done 

2 

1 

(Suggestive) 

1 

(Suggestive) 

Total cases 


9 

3 

2 


Fourteen patients had lesions m the esophagus or cardiac end of the stomach 
(Table II). Nine of the esophageal lesions proved to be carcinoma, and in three 
of these the tumor had eroded into llie trachea. Invasion of the trachea could 
not be confirmed with certainty by the bronclioseope alone, but sponge biopsies 
from the traeliea of two patients revealed cancer cells. In one of the three pa¬ 
tients Avith tracheal invasion a fistula was present and the sponge ivas unsatis- 
faetory. Tlie diagnosis of benign stricture of the lower end of the esophagus 
was made in three patients who later proved to have carcinoma of the gastric 
eardia. In one of these, cells suggesting carcinoma were present on the sponge; 
the sponge was negative in the other two. 

Two patients with benign stricture of the loiver one-third of the esophagus, 
secondary to peptic esophagitis, ivere also examined. In one of these, liyperkera- 
tosis of the cells was noted. 

TAventy-tAVO patients had acute and chronic pulmonar3' inflammatoiy dis¬ 
eases These included bronchiectasis, bronchitis, middle lobe syndrome, infarct, 
pneumonia, and lung abscess. In this entire group there Avas not a single .sponge 
biopsy which was interpreted to show tumor cells (Table III). 













CARTER ET AL.; EXD05C0PIC SPOXGE BIOPSY rfoy 

Three patients had pulmonary tuberculosis. In tiro, this rras parenchymal 
and in one there rras tuberculous endobroncliial ulceration. Endoscopic sponge 
biopsies showed pus cells, bacteria, and funsi, but no tumor cells. Acid-fast stains 
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Table III. Inflammatory Diseases in Which Sponge Biopsy Was Negative (25 Cases) 


Bronchiectasis ' ,7 

Bronchitis 4 

Middle lobe syndrome 3 

Infarct 1 

Pneumonia 4 

Lung abscess 3 

Tuberculosis 3 


done on these sections did not reveal tubercle bacilli even though tlie sputum 
was heavily positive in every case. The remaining 18 patients encompassed such 
diseases as atelectasis, emphysema, silicosis, cardiospasm, myxedema, and psycho¬ 
genic disorders. In none of these was a falsely positive sponge biopsy obtained. 

DISCUSSION 

We have been impressed with the ease of collection, preparation, and the 
microscopic excellence of material prepared by the sponge method. Fig. 5 
illustrates sponge biopsies compared with sections obtained either by tissue 
biopsy or surgical extirpation. It is apparent that the cells to be examined are 
confined to a limited area of the slide, and sections at multiple levels can be made 
to investigate suspicious areas. There is uniform depth of sections, and the 
difficulty of overlapping pus and blood cells is thereby minimized. The standard 
tissue stain with which the pathologist is familiar can be used for these sections, 
and the interpretation therefore requires no familiarity with special stains. 

The number of tumors in this series is too small for statistical significance. 
We were impressed, however, with the absence of falsely positive slides as well 
as by the positive cytologic diagnoses in two patients with negative findings at 
bronchoscopy. In these turn cases the secretions sopped up by the sponges were 
the only means of making a correct preoperative diagnosis. Earlier in the senes 
we compared the sponge method with the Papanicalaou method in each case, but 
shortly abandoned the latter because superior slides were obtained by the sponge 
method. 

A sponge biopsy is usually not nece.ssary for the diagnosis of esophageal car¬ 
cinoma, since the tumor is almost always visible and a direct biopsy may be 
taken. Lesions of the gastric eardia, however, often extend submueosally up¬ 
ward into the esophagus without presenting a mucosal tumor. In these cases 
the sponge passed through the strictured area may pick up tumor cells. This 
was accomplished in one of our cases. Of perhaps more importance is the demon¬ 
stration of direct tumor invasion in the posterior membranous portion of the 
trachea from a primary site in the esophagus. In two of our patients in whom 
this ivas suspected, no endotracheal tumor was visible but the sponges taken 
from the trachea contained tumor cells. Inoperability was therefore established 
without recourse to thoracotomy. 

The differentiation between pulmonary suppurative disease alone and such 
inflammatory disease secondary to the growth of tumors is of vital importance. 
We Avere pleased that in our twent 5 "-two patients with inflammatory diseases of 
the luno-s there were no falsely positive sponge biopsies. Accurate diagnosis in 
this tj^e of patient is difficult either by sputum or endoscopic Papanicalaou 
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examination because of tbe large numbers of mflammatory cells., and frequenth 
red cells as irell. The paraffin block method of preparation allows one to dis- 
criminate more careiniiT between mflainiiiatory cells and those cells desquamated 
from tnmois. 

We hare learned several precautions which must be observed in order to 
obtain satisfactorv sponge biopsies. First, the sponge must re m a in in contact 
with the secretions for a sufficiently long time to allow" absorption of a large 
number of cells. The minimum time appears to be approximately one minute- 
S-econd, when the nurse is sectioning the sponge and placing it on the sponge 
carrier, great care must be used not to compress the sponge with the fingers and 
therefore to dcstrov its absorptive qualities. Finally, of course, tbe sponge 
should be placed immediately in fixing solution so that there will be no distor¬ 
tion of the cells by drving- Greatest diagnostic accuracy may be expected when 
the sponge is rubbed directly on the tumor. This is not often possible endo- 
seopically. WTien it is, one should also be able to obtain a direct biopsy. 

We feel that the comment of Ulfelder applies to this method as well as to 
that of Papaniealaou, “The results are most accurate when slides are prepared 
by a person interested in the procedure and willing to give time and attention 
to details that may facilitate interpretation, and when the slides are examined 
by someone thoroughly familiar tvith the cellular pattern of that particitlar 
fluid, prepared in that particular way."^ Other cytologic methods may be most 
satisfactory when bandied by other people, but in our bands, sponge biopsy has 
proved of greatest aid. 

SCilMAET 


The sponge biopsy technique has been applied in a series of eighty consecu¬ 
tive patients subjected to diagnostic bronchoscopy or esophagoscopy. It was 
found useful partictdarly for the identification of pulmonary tumors, the distinc¬ 
tion between inflammatory disease and tumor, the delineation of esophaseal 
cancer which had extended into the trachea, and on one occasion for the identifica¬ 
tion of tumor cells from a gastric cancer ivith submucosal esophaeeal extension. 
In onr experience, the teclmique is simple and produces microscopically more 
readable preparatious than other currently used endoscopic cytologic methods of 
diagnosis. The technique of sponge biopsy is described and illustrative photomi¬ 
crographs are presented. 
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THE PATHOGENESIS OP BRONCHOPLEUKAL FISTULAS 
FOLLOWING EXCISIONAL THERAPY FOR PULMONARY 

TUBERCULOSIS 

Grant N. Stemmermann, M.DA' (by iNmi’AUON), Hilo, Hawaii, 
Charles P. Daniels, M.D.** (ba’- inyitation), New York, N. Y, 
and Oscar Auerbach, M.D.,*** Staten Island, N. Y. 

B ronchial stump fistula accompanied by empyema is one of the most 
common serious complications of excisional therapj^ for tuberculosis. The 
infection often resembles the mixed infection tuberculous empyema which fol¬ 
lows the formation of pulmonary bronchopleural fistulas. Such a fistula is a 
serious threat to the life of the patient, since aspirated material from the in¬ 
fected chest space may be the source of an overwhelming spread of the disease 
to the remaining lung parenchjuna. It is the purpose of this paper to describe 
the mechanisms by ivhich this condition may develop. 


jiaterial 

We have encountered nine bronchopleural fistulas in 84 (10.7 per cent) 
postoperative tuberculous patients who had been treated by excisional therapy 
The clinical and pathologic findings in five of these cases are described in detail, 
since we believe that their fistulas arose in a manner which has been subject 
to some eontro’smrsy. Four of these five cases were studied at necropsy and 
one is alive and well; three of the patients had pneumonectomy, one had lobec¬ 
tomy, and one had a segmental resection. Since the cause of the fistulas in 
two eases is not subject to question, thej'- are included in the bodj^ of the dis¬ 
cussion which follows the case reports. Both patients had segmental resections 
and are still alive. The other two patients died, but are not included since 
they were not studied at necropsy. 


case reports 


Case 1.—TJtis 20-yea.r-okl Negro man was discovered to have puinionary tuberculosis 
in 1947. He had been well until June, 1947, when he developed malaise, fatigue, weight 
loss, and cough. Roentgenogram on June 2C, 1947, revealed a mottled area involving the 
entire left upper lung field. All sputa were positive for acid-fast bacilli. Streptomycin was 
begun on Aug. 5, 1947, at a dosage of 0.4 Gm. every three hours. This was changed to 0.5 
Gra. four times a day on Aug. 5, 1947, and continued until Nov. 5, 1947, at which time he 
had received a total of 200 Gra. He became afebrile and began to gain weight. A left 
phrenic crush was performed on Aug. 1, 1947. On Aug. 13, 1947, a left pneumothorax was 
induced but was ineffective because of pleural adhesions. On Jan. 28, 1948, he developed 
scrotal pain. This was accompanied by swelling of the left epididymis. A diagnosis of 
tuberculous epididymitis was made and the patient was given 38 Gm. of streptomycin in 
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-rr- and the swelling abated. He tvas admitted to 

thirtv-eisht dars. His symptoms subsided and me . n-iSkv V The 

* “ ^. 'rr -i. T vn-r;'\ Oft iQA^ nf whicli time liiir spuram tths (jranKy >. xac 

»,d ™..ge»<._OT» «vrf,a a ,p,e»a io the 

Iri, iSJ ht t' ‘l» « of p,,™.. »U0P=. .tefOK- »»a a. ineSeoW, foogh 

due to a perotaaeat left ptrenic ctosP, it tras felt that meenoa tva= the tteataien. oi e owe. 
The light lung appeared stable. He ivas started ou a third course ot streptomycin on eTtdy 

iS. 194S. at a dose of 0.5 Gm. tuice a day. 



Fig. 1.—(Case 1) Tuberculous empyema yriih stump fistula. Mote the 1 cm, segment 
ot bronchial stump, the opening at the distal entl of the stump and the large numbers of 
fresh tuberculous lesions in the intact lung. 


A left paeunionectoniy eras perforiue*! on Aug. 24. 194$. It uris performed trith 
molerate difficulty and early control of the brenchus. The pleurtil space uas obliterated by 
dense adliesion;. The lung vras contTacte<i and nbrotic. After removal cf the lung, traction 
sutures tcere plnee.1 protimal to the clampcfi stump vrhich tvas then reatnpulated vrith inter¬ 
rupted sutures of OQO silh. The stuiuj> was buried triili a pleural £ap. The vround tras 
irri!ratC'i with saline and the chest was closed wiihoat drainage after the instillation of 
200.POO units of penicillin and 1 Gm. of streptomycin. 

The paUent appearei to be doing well for the first two postoperative days. On the 
third day he spiked a fever of 102= F. This lever continued until the twentv-first post¬ 
operative day. During tliis period it was necessary to aspirate an tmusnal amo^t of Suid 
from the left chest (oCf?0 c.c. of serosanguineous Sui-i from Aug. 2S. 194?. to Sept. 16 194 ® 
and 75.1 c.c. from tiept. 17. 194$. to Oct. 3. 194 ? >. Culture of this' fiuid on Sept.' 3(V’ ipic’ 
urns pcsjtive for AC (utercurosis. On Oct. 4. 194S, Staph, auretis hfmc.hjtims was also cul' 
turel from the fimd. Streptomycin and pcniciliin were instUlefl into the'pleural space ererv 
ouer ..ay, and suEmtanems injections of streptomycin were also continued. On the lortv- 
n:>t postoperatr^day tie patient s_piked a fever of lo.v F., and coughed up reddish-brot;n 
-.a.o.ml. es.a..lr.,nng a dmgno.rs ox bronchopleural fistula. Attempts to control the fistul- 
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witli intercostal underwater drainage were unsuccessful. Tiie patient now developed a 
massive spread to the right upper lobe. The chest was reopened, and a 4 mm. stump fistula 
was found. This was closed with a pectoralis major muscle flap. The fistula remaiBsd 
closed for only three days. Eespiratory insufficiency developed, and the patient died on 
Oct. 30, 1948 (sixty-seventh postoperative day). 

Anatomic Findings .— 

A. Surgical Specimens: Left Lung; Tuberculous cavities were present in both lobes 
of the left lung. Encapsulated caseous foci, which were softened centrally, were present in 
the lower lobe. Partially healed acinous nodose foci were present in both lobes. Altliougli 
the pleura overlying the lung was thickened, there was no evidence of pleural tuberculosis. 
The left main stem bronchus was free of disease at its Cut edge. 

B. Necropsy Findings; Gross Examination: Tlie left pleural space contained 200 c.e. 
of creamy yellow pus. The parietal pleura (Eig. 1) varied from 2 mm. to 1.5 cm. in tluek- 
noss. It was lined by a layer of shaggy materia! which varied from yellow to red-hrown 
in color. A 3.5 cm. sinus tract led from the pleura] space to a bronchial stump measuring 
1 cjn. in length. The lining of this tract was similar to tliat whicli lined the pleura. The 
muscio flap hung free within the pleural space. The mucosa of the lower trachea and both 
main bronchi had a red granular appearance and contained many depressions from 1 to 4 
mm. in diameter. These were most numerous in the stump of the left main bronchus. 

The tracheobronchial lymph nodes adjacent to the stump were mottled gray-white and 
slate gray-black in color. They contained no caseous foci. 

Scattered throughout the right lung were many acinous nodose foci, and areas of 
caseous lobular pneumonia wliicli varied from 5 mm, to 3 cm. in diameter. These areas 
were most numerous in the medial and basal aspects of tlie lung. Tliere were no cavities 
or encapsulated foci in any of the lobes of the right lung. 

The mucosa of the larjTix, and of the small intestine and of the colon, was intact on 
gross examination. The left testis was occupied by dense gray tissue. 

Histologic Examination: The left pleural space was lined by a pyogenic membrane. 
Beyond this was a wide granulation tissue containing epithelioid cells and Langhans giant 
cells. Deep to this was dense collagenous connective tissue. Contained within the granulation 
tissue and the comieetive tissue in deeper portions of the pleura were large and small tuber¬ 
culous foci. Tiie former had caseous centers. Deep tuberculous ulcers were present at the 
Carina of tiie trachea and within the left main bronchus. The adventitial aspects of these 
structures were markedly thickened, and contained many- round foci. The largest of these 
iiad a central zone of caseation. Similar foci were also present in the adventitial aspects of 
tlie adjacent esophagus. 

There were few healing changes about the acinous nodose foci and areas of caseous 
lobular piiouiiionia. Both typos of foci were composed for the most part of caseous ma¬ 
terial containing inanj' nuclear fragments. They were surrounded by a wide perifocal 
reaction. 

Summary .—Tliis 20-year-old Negro man developed a tuberculous empyema after a loft 
pneumonectomy. On tlic forty-first postoperative day- he developed a bronehoploural 
fistula. This was followed by rapid spread to the contralateral lung. At necropsy the 
oldest tuberculous lesion was present in the left pleural space. The right lung was free 
of all but recent lesions derived by bronchogenic spread from the loft pleural space. As 
in subsequent cases tho age of the lesions was estimated on the basis of the amount of 
healing change in tho adjacent tissue. 

Case 2.—This 2G-year-old wliito man was found to have tuberculosis in August, 1946, 
when it was noted that he had a cavity in the right upper ]obe. Ho iva.s tre.ated at 
another hospital by an eight-rib thoracoplasty. This was accompanied by a ninety-eight 
*dav course of streptomycin at a dosage of 0.3 Gm. twice a day for a total dose of 5S.8 Gm. 
The collapse obtained bv thoracopiasfy was poor. The regenerating rili.s a.ssunicd a conve.v 
tline and marked scoliosis developed. The cavity remained open and the .sputum ro- 
• ed positive The patient loft the hospital against medical advice. .Sputa oxnminatious 
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done while the patient was at home were said to be negative He entere - 

Ho-^pital in October, 1919, after sputum examination revealed the presence of acid fast 
bacilli. Boentgenograms revealed two cavities in the right infraclavicular region a - 
sociated with considerable exudative disease. The left lung appeared free of disease. 

Because of the failure of collapse therapy a right pneumonectomy was performed 
on Jan. 13, 1950. This was done without undue difficulty. The volume of the right 
pleural cavitv was reduced one-third by the previous thoracoplasty. There was pleural 
svmphysis at the apex and at, the superior segment of the lower lobe. There was a pro¬ 
longed'extrapleural dissection "prior ^o securing the bronchus. It was not felt that con¬ 
siderable spill occurred when the bronchus was divided. The vessels were then isolated, 
ligated, and di\-ided. The lung was then removed. The bronchus was freed of the peri- 
hronchial tissue. Traction sutures of 00 were placed posterolaterally and posteromedially. 
The stump was amputated at a higher level and closed with interrupted 000 cotton sutures. 



Fig. 2.—(Case 2) Tuberculous emp.vema with stump fistula. Xote the 1 cm segment of 
bronchial stump, the opening at the distal end of the slump and the large numbers of fresh 
tuberculous lesions in the intact lung. 


Gelfoam was placed in apposition to the stump which was then buried by apposition of 
the mediastinal pleura to the periesophageal tissue. The pleural cavity was washed with 
2,000 c.c. of saline and 30 c.c. of saline containing 1 Gm. of streptomycin and 200,000 units 
of penicillin. A clamped intercostal catheter was left in place inferiorly and postero- 
laterally. It was felt that he stood the operation well. Postoperativelv he ran a fever 
which varied from 100° F. to 102° F. for two weeks. Culture of chest 'fluid at this time 
failed to grow 21. tuberculosis or pyogens. The patient remained afebrile from Jan 2S 
19o0, to Feb. 5, 1950 (twenty-third postoperative day). He then began to run an evening 
ever which rose to 100.4° F. A bronchopleural fistula was demonstrated on the twentx^ 
eighth postoperative day. Eeview of chest films up to this date revealed that the Je'ft 
lung remamed free of disease. Streptomycin was given in a dose of 0.5 Gm. twice a dav 
commencing on Fob 10, 1950. The patient was bronchoscoped on Februarv 10 and 'a 
4 mm. opening was observed in the bronchial stump. This was cauterized udH.’ o- ’ ° 

.Uver nitrate. This was repeated on February lO^and Februl;rS,Tuf 
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bronchial closure. On February 23 the tenth rib was excised and the pleural space was 
packed with gauze soaked in streptomj’^cin and penicillin. Eoentgenogram at this time 
revealed massive spread to the left lung. He went into respiratory failure and succumbed 
on Mar. 11, 1950 (fifty-seventh postoperative day). 

Anatomic Findings .— 

A. Fesected Bight Lung: Gross Examination: Tu-o slitlike cavities were present in 
the posterolateral aspects of the upper lobe. These were lined b 3 ' j’ellow cheesy material. 
Tipper lobe bronchi opened widelj- into both cavities. The cavitj^ wall varied from 2 to 
4 mm. in thickness. The intervening parench 3 'ma was traversed b,v bands of gray tissue 
which gave the lung in this region a solid consistencj'. Scattered through all lobes of 
the lung were many round encapsulated foci from 2 to 4 mm. in diameter. Acinous foci 
were present in the lower lobe. There was a pleural sj’mplij'sis over the apex of the upper 
lobe and over the posterior, superior, and lateral aspects of the lower lobe. The combined 
pleurae measured 2 mm. in thickness in these regions, and were composed of dense grav 
tissue. The peribronchial lymph nodes varied from o mm. to 1.4 mm. in diameter, and 
on section were slate gray-black. The right main bronchus showed no evidence of gross 
pathologic change. 

Histologic Changes: there was no microscopic evidence of tuberculosis in either the 
pleura or .the right main bronchus. One small tuberculous focus was found in a pen- 
bronchial l 3 ’mph node. The cavities were lined b.v a wide zone of caseation. Small round 
foci were present within tlie submucosa of the bronchi draining these cavities. 

B. Necropsy Findings: Gross Examination: Tlie right chest cavity was lined in pait 
b 3 ' friable yellow material and in part 1 ) 3 ' a red granular tissue (Fig- 2). The cavit.v "all 
was composed of firm tissue which measured from 2 to 5 mm. in thickness. This tissue 
blended with the muscles of the chest wall, with the diaphragm, and with the tissue of 
the mediastinum. There ivere man.v small round yeliow foci within the mediastinal .soft 
tissue adjacent to the pleura. A 1.1 cm. segment of right stem bronchus remained intact. 
A 5 mm. opening at its distal end communicated with the pleural space. The mucosa of 
both stem bronchi had a granular appearance. Scattered throughout both lobes of the 
left lung, but most numerous in the lower and medial aspects, were many acinous nodose 
foci. These measured from 1 to 7 inin. in diameter. The tracheobronchial l.vmph nodes 
varied from 5 mm. to 4 cm. in diameter, and on section were slate gra 3 ’-black. Numerous 
small round foci surrounded the right inferior tracheobronchial l 3 'mph node. 

Histologic Appearance: the pleural space was lined 1 ) 3 ' a p 3 'ogenic membrane. Deep 
to this was an edematous vascular granulation tissue containing epithelioid cells and 
Langhans giant cells. Bo 3 'ond this was a dense collagenous connective tissue. Numerou.s 
small round foci were present in the granulation tissue and within the dense connective 
tissue. The epithelium of the bronchial stump was flattened where it joined the pleural 
space. Man 3 ' small foci w'ere present deep w'ithin the bronchial wall at this point. Col¬ 
lections of caseous material were present in the lumina of the bronchioles of the left lung. 
The walls of some of these bronchioles and portions of the adjacent lung also were 
caseous. These small focal areas w-ere surrounded b 3 ' a scant 3 ' vascular granulation tissue 
composed of epithelioid cells, Langhans giant cells, fibroblasts, pol 3 'morphonuclears and 
collagen fibers. Occasional small round submucosal tuberculous foci were present in the 
left main-stem bronchus and within the tracheobronchial 13 -mph nodes. The latter had 
nian 3 ' fibroblasts and collagen fibers in them. 

Summary .—This 26 - 3 'ear-old patient developed a bronchopleural fistula twent 3 '-eight 
days after a right pneuraonectom 3 '. This was preceded 1 ) 5 ' a febrile period, and was fol¬ 
lowed bj' a sudden spread to the contralateral lung. At necropsj' the oldest tuberculous 
disease was present in the right pleura. The onl 3 ' lesions in the loft lung were of recent 
origin and were derived from the right pleural space. 

Case 3. —This 25 - 3 'car-old white man became ill in October, 1944, when he developed 
an upper respirator 3 ' infection from which he did not completcl 3 ' recover. Pulmonary 
tuberculosis was discovered in December, 1944. Sputum was positive, and roentgenogram 
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revesilea a right upper loi )0 cavity u-itU sprca.l to lUc loft upper lobe. A right pnoumo- 
thorax rvas iuduced in Pebruarv, 1045, l)ut abandoned following Ihoracoacopy in April, 
1945, because of pleural symphy.si.s. Late in April of the same year a left pleural ertusion 
developed and a cavity bocanio evident in the fourth loft anterior intor.spaco. The elTusion 
cieiired, lenving tin oblilcnvtod costophrciuc sulcus. A loft puouiuoUioYux wus ivUcmptca 
at this time, but abandoned. A right two-stage, fivc-rib thoracoplasty was done in 
November and December, 1945. Collapse was probably adequate. Sputum remained 
positive. A laryngiti,s whicli had the appearance of a typical tubercnlou.s lc.sion occurred 
in December, 1046. He was given streptomycin (1.8 Gni. per day) from Doc. 0, 1040, to 
April 9, 1947 (217.8 Gin.). During this period he gained 10 pounds in weight, but his 
sputum was still occasionally positive. He was admitted to the Ilalloran VA Hospital in 
June, 1947. 

Phy.sical examination revealed a right-sided surgical collapse with some scoliosis. 
The riglit lung was clear to percussion and auscultation. Tliere were some post-tussic 
inspiratory r-alcs on the left side in tiic apex and posteriorly yist medial to the scapula. 
Blood count, sedimentation rate, and urine examinations were all within normal limits. 
Sputum was GattUy IX. Koentgenogram revealed a five-rib thoracoplasty with an open 
cavity under tlie major collapse. A 2 cm. cavity was present at the level of the left second 
rib anteriorly. There were scattered fibrotic and fibvocalcilic, nodules iu the third left 
interspace. 

A left phrenic crusli wiis done in September, 1947. The left cavity enlarged during 
tlio next two mouths. The patient became febrile in January, 1948, and roentgenogram 
revealed a spread to the loft mid-lung field. Further spread to the left lower lobe oc¬ 
curred in May, 1948, This did not clear with bed rest, and the patient again was placed 
on streptomycin (1 Gm, per day for forty days). A left extrapleural pneumothorax was 
done on Oct. 22, 1948. The cavity remained open. A small thoracoplast.v (all of the 
second rib and diminishing segments of the third and fourtli ribs) was done on Deo. 2, 
1048. This in turn was followed by a segmental rcscelion of tbc apical and posterior and 
anterior segments of the left upper lobe. The latter procedure was performed without 
incident. 


Surgical Specimen .—Gross Examination: The specimen measured 11 cm. apicobasally, 
8 cm. mediolaterally and 4 cm. antcropostcriorly. The covering visceral and parietal 
pleurae were fused, mcasuriug from 3 to 5 mm. iu thickness. The bronchi, including the 
proximal cut ends, appeared normal. A 4 cm. by 3 cm. by 1.5 cm. cavity was present in 
the basal aspects of the specimen. Its wall measured from 1 to 2 mm. in thickness. Oc¬ 
casional small encapsulated caseous and acinous nodose foci were present in the remaining 
portions of the lung parenchyma. 

Microscopic Examination: Both acinous nodose foci and encapsulated foci were 
found to be in a stage of healing. The latter contained calcium dexjosits in the form of 
Liesegang rings. Many of the former consisted almost entirely of fibroblasts, collagen 
fibers, epithelioid cells, and lymphocytes, although some of the larger foci had small 
caseous centers. The thickened pleura consisted of dense collagenous connective tissue 
and contained large numbers of lymphoc 3 -tcs, plasma cells, and histiocytes. The seg¬ 
mental bronchus wns free of foci, but contained a few lymphocytes, plasma cells and 
histiocytes. ' '' 


Postoperative Course; Streptomycin was given for forty-seven days (1 Gm each 
day). It was necessary to leave a catheter in place for seven days. His temneratiire 
rose to 102'’ F. daily during the first eight days. He then ran a low-grade fever his 
temperature reaching 100° F. On the twenty-third postoperative day he again beiran to 

snuium^ varied from 101° to 102° F. One month postoperativfly his 

sputum increa.sed in amount, and it became evident that a bronchopleural fistula was 
present. Closed catheter drainage was begun on Feb. IS, 1949. This did not confrel tl, 
situation, since spread of the disease to the left lower lobe was now noted t ^ i' 
thoracoplasty was performed in April, 1949 .and this area was m t i ii, “^^tctior 

H,. t .r 
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bronchial closure. On February 23 the tenth rib was excised and the pleural space was 
packed with gauze soaked in streptomycin and penicillin. Boentgenogram at this time 
revealed massive spread to the left lung. He went into respiratory failure and succumbed 
On Mar. 11, 1950 (fifty-seventh postoperative day). 

Anatomic Findings .— 

A. Beseoted Bight Lung: Gross Examination: Two slitlike cavities were present in 
the posterolateral aspects of the upper lobe. These were lined by yellow’ cheesy material. 
Upper lobe bronchi opened widely into both cavities. The cavity w’all varied from 2 to 
4 mm. in thickness. The intervening parenchyma was traversed by bands of gray tissue 
which gave the lung in this region a solid consistency. Scattered through all lobes of 
the lung were many round encapsulated foci from 2 to 4 mm. in diameter. Acinous foci 
were present in the lower lobe. There was a pleural symphysis over the apex of the upper 
lobe and over the posterior, superior, and lateral aspects of the lower lobe. The combined 
pleurae measured 2 mm. in thickness in these regions, and were composed of dense gray 
tissue. The peribronchial lymph nodes varied from 5 mm. to 1.4 mm. in diameter, and 
on section were slate gray-black. The right main bronchus showed no evidence of gross 
pathologic change. 

Histologic Changes: there was no microscopic evidence of tuberculosis in either the 
pleura or .the right main bronchus. One small tuberculous focus was found in a pen- 
bronchial lymph node. The cavities w’ere lined by a wdde zone of caseation. Small round 
foci were present within the submucosa of the bronchi draining these cavities. 

B. Necropsy Findings: Gross Examination: The right chest cavity was lined in part 
by friable yellow material and in part by a red granular tissue (Pig. 2). The cavity wall 
was composed of firm tissue which measured from 2 to 5 mm. in thickness. This tissue 
blended with the muscles of the chest wall, with the diaphragm, and with the tissue of 
the mediastinum. There were many small round yellow’ foci within the mediastinal soft 
tissue adjacent to the pleura. A 1.1 cm. segment of right stem bronchus remained intact. 
A 5 mm. opening at its distal end communicated W’ith the pleural space. The mucosa of 
both stem bronchi had a granular appearance. Scattered throughout both lobes of the 
left lung, but most numerous in the lower and medial aspects, were many acinous nodose 
foci. These measured from 1 to 7 mm. in diameter. The tracheobronchial lymph nodes 
varied from 5 mm. to 4 cm. in diameter, and on section were slate gray-black. Numerous 
small round foci surrounded the right inferior tracheobronchial lymph node. 

Histologic Appearance: the pleural space was lined by a pj’ogenic membrane. Deep 
to this w'as an edematous vascular granulation tissue containing epithelioid cells and 
Langhans giant cells. Beyond this was a dense eollagenous connective tissue. Numerous 
small round foci w’ere present in the granulation tissue and within the dense connective 
tissue. The epithelium of the bronchial stump was flattened where it joined the pleural 
space. Many small foci w’ere present deep within the bronchial wall at this point. Col¬ 
lections of caseous material were present in the luniina of the bronchioles of the left lung. 
The w’alls of some of these bronchioles and portions of the adjacent lung also were 
caseous. These small focal areas were surrounded by a scanty vascular granulation tissue 
composed of epithelioid cells, Langhans giant celhs, fibroblasts, polymorphonuclears and 
collagen fibers. Occasional small round submucosal tuberculous foci were present in the 
left main-stem bronchus and within the tracheobronchial lymph nodes. The latter had 
many fibroblasts and collagen fibers in them. 

Summary .—This 26-year-old patient developed a bronchopleural fistula twenty-eight 
day’s after a right pneumonectomy. This was preceded by a febrile period, and w’as fol¬ 
lowed by a sudden spread to the contralateral lung. At necropsy flie oldest tuberculous 
disease was present in the right pleura. The only lesions in the loft lung were of recent 
origin and were derived fron. the right pleural space. 

3 _This 25 -ycar-old white man became ill in October, 19-14, wlicn he developed 

nner respiratorv infection from w’hich he did not completely' recover. Bulmonarv 
^ubereulosis was discovered in December, 1944. Sputum was positive, and roentgenogram 
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imperceptibly tvith that of the empyema space. A small segment of the latter was lined 
by stratified squamous epithelium which underwent transition to pseudo-stratified ciliated 
columnar epithelium when the bronchial lumen was entered. The distal surface of the 
bronchial cartilagenous plate was partially eroded by an extension of the tuberculous 
granulation tissue from the empyema space. There was no other tuberculous disease 
within the bronchial stump. 

Summon;.—This 26-year-old patient succumbed eight months after a segmental re¬ 
section. His death was due to extensixe bronchogenic spread of his disease through a broncho¬ 
pleural fistula from a tuberculous empyema which developed following the resection. Post¬ 
mortem examination indicates no other source for the spread tlian the empiyema. The presence 
of stratified squamous epithelium in the lining of the empyema space adjacent to the 
fistula indicates that the fistula had been present for some time prior to death. The fistula 
was clinicallv apparent one month after surgery. It appeared following a febrile period 
during which purulent material accumulated in the dead space. 


Case 4.—This 30-year-old Asiatic-Indian man was discovered to have tuberculosis and 
leprosy in 1945. A right pneumothorax was started in 1940, but was abandoned in August, 
1947. ' In 194S he became febrile, lost weight, and had a small hemoptysis. His daily 
sputum production during this period was 60 to 120 c.c., and the sputum was positive for 
acid-fast haciUi. He was admitted to the Halloran VA Hospital on April S, 1949. 

The admission examination revealed him to be emaciated, febrile (101° F.), and 
acutely ill. Examination of the chest revealed dullness over the right chest posteriorly 
and in the right infraclavicular region. Rales were also noted in these regions. Post- 
tussic’rales were heard in right posterosuperior chest and infraclavicular region. The 
small muscles of the hand were atrophied and there was a left peroneal paresis. There 
was an erythematous eruption over the elbows, wrists, knees, and feet. 

Laboratory data; Sputum was GafiEky YU on plain smear. Roentgenogram re¬ 
vealed a fibrocaseous involvement of the upper portions of both lung fields with multiple 
translucent shadows bilaterally. The right costophrenic angle was obliterated. 

The patient became afebrile after a month of bed rest. Streptomycin (1 Gm. per 
day) was started on April 5, 1949, and was continued for forty-two days. Biopsy during 
this period revealed the skin lesion to be consistent with tuberculoid leprosv. On klav 26. 
1949 the patient had a hemoptysis. Streptomycin (1 Gm. every three dars) with PAS 
(12 Gm. per day) was again started on July 15, 1949. The PAS was discontinued after 
five days because of nausea, but the streptomycin was continued untU Oct. 16. 1949. The 
roentgenographic appearance of the lungs improved, with signs of cavitation disappearin'^ 
on the left side. Hemoptysis assumed alarming proportions in September, however, and 
it was considered necessary to perform a right extrapleural pneumothorax on Sept. 30. 
1949. This procedure stopped the hemorrhage, but the sputum remained positive. In 
December, 1949, hemoptysis recurred and it was necessary to ^ve refills to maintain a 
highly positive extrapleural pressure. Since the patient had six months of stability on 
the left side, it was decided to perform a right plenro-pneumoneetomv. This was done 
on April 11, 1950. At operation the pleural space was obliterated and was not entered 
There was extensive thickening posteriorly. The extrapleural space was clear The' 
bronchus was closed with eud-on sutures, and the stump was covered with a pleural graft 
Pathologic Examination; A. Gross Appearance: The lung measured ^1 cm anico' 
hasally, 6 cm. mediolaterally, and 12 cm. anteroposterioriy. Anteriorlv the pleura was 
gray-white in color and measured less than 1 mm. in thickness. Posteriorlv^ the 

Srir",”"* "r .i™;" ^ 

from the outer surface of the pleurae in this region The lane e„t • P^eieu 

tenor aspects of the upper lobe was an irregular caiitv measuring bv o ^ 

was Imed by a friable cheesy material. Its waU measured from 1 ^+n a' “ 

and blended in one region with the adjacent pleura A wiflel + * ^ ^^ckness 
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organisms were sensitive to 2.5 fig of streptomycin prior to resection. The patient’s con¬ 
dition was quite poor, so that fistula closure could not be attempted. On Aug. 6 , 1949, he 
developed an upper respiratory infection which was followed by a severe tracheobron¬ 
chitis. His pulse rate climbed to 140 to 200 per minute, and he developed evident pul¬ 
monary edema. He expired on Aug. 12, 1949, from pulmonary insufficiency. 

Postmortem Examination: The left pleural space was obliterated in the lower two- 
thirds by loose adhesion bands (Pig. 3). In the upper third the visceral and parietal 
pleura were fused by dense gray-white tissue over all but the superior aspect of the lung. 
The superior surface of the upper lobe formed the base of a cavity which communicated, 
via a sinus tract, wdth the chest wall at the left anterior axillary line. Yellow pus filled 
this cavity. A small bronchus opened into the pleural cavity. Due to distortion of the 
pulmonary architecture, it could not be established which segment it originally served. 



Fig. 3.—(Case 3) Tuberculous empyema following- segmental resection. Probe is intro¬ 
duced into bronchus communicating witli the pleural space. Note the large numbers of smnll 
foci of recent origin throughout the intact lung. 

Scattered throughout the left upper lobe and throughout both lower lobes wore numerous 
acinous foci which varied from 3 to 5 mm. in diameter. These were more numerous and 
larger than in the resected specimen. No cavities -n-ere noted in any of the remaining 
lung parenchyma, although a dense radial scar in the upper lobe of the right lung prob¬ 
ably represented a healed excavation. 

ilicroscopic Examination: Plug.s of caseous material were found to fill the lumina 
of many bronchioles and -were continuous with the central zone of caseation of adjacent 
acinous foci. The latter were surrounded by epithelioid coils, fibrobIa.sts, and rare Lang- 
hans giant cells. The bulk of these foci were of far more recent duration than those ob¬ 
served within the resected specimen. The empyema space was lined by a wide zone of 
ascation The underlying granulation tissue contained many epithelioid cells, Langhans 
t cells fibroblasts, and collagen fibers. Dense collagenous connective tissue formed tlie 
^'t" ' 11 of bronchocavitary junction the bronchial wall blended 
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impexoeptiblr ivitb that of the empyema space. A small segment of the lattM mas hned 
by stratified sqnamous epithelium mhich underment transition to pseudo-stratified ciliated 
columnar epithelium mhen the bronchial lumen mas entered. The distal surface of the 
bronchial cartilasenous plate mas partially eroded by an extension of the tuberculous 
granulation tissue from the empyema space. There mas no other tuberculous disease 
mithin the bronchial stump. 

Rumman;.—^This 26-year-old patient succumbed eight montlis after a segmental re¬ 
section. His death mas due to extensive bronchogenic spread of his disease through a broncho¬ 
pleural fistula from a tuberculous empyema mhich developed following the resection. Post¬ 
mortem examination indicates no other source for the spread than the empyema. The presence 
of stratified squamous epithelium in the lining of the empyema space adjacent to the 
fistula indicates that the fistula had been present for some time prior to death. The fistula 
mas clinically apparent one month after surgery. It appeared following a febrile period 
dnriag mhich purulent material accumulated in the dead space. 


Cass 4.—^This 30-vear-old Asiatic-Indian man mas discovered to have tuberculosis and 
leprosv in 1945. A risht pneumothorax mas started in 1946. but mas abandoned in August, 
1947. In 194S he became febrile, lost weight, and had a small hemoptysis. His daily 
sputum production during this period mas 60 to 320 c.c,. nnd the sputum mas positive for 
acid-fast bacilli. He mas admitted to the Halloran VA Hospital on April S, 1949. 

The admission examination revealed him to be emaciated, febrile (101° P.), and 
acutely ilL Examination of the chest revealed dullness over the right chest posteriorly 
and in the right infraclavicular region. Kales mere also noted in these regions. Post- 
tussic ■ rales mere heard in right posterosuperior chest and infraclavicular region. The 
small muscles of the hand mere atrophied and there mas a left peroneal paresis. There 
mas an erythematous eruption over the elbows, mrists. knees, and feet. 

Laboratory data: Sputum mas GaSky AH on plain smear. Boentgenogram re¬ 
vealed a fibrocaseous involvement of the upper ponions of both lung fields with multiple 
translucent shadows bilaterally. The right costophrenie angle mas obliterated. 

The patient became afebrile after a month of bed rest. Streptomycin (1 Gm. per 
day) mas started on April 5, 1949, and mas continued for forty-two days. Biopsy during 
this period revealed the skin lesion to be consistent with tuberculoid leprosy. On Alay 26. 
1949 the patient had a hemoptysis. Streptomycin (1 Gm. everv three davs) with PAS 
(12 Gm, per day) mas again started on July 15, 1949. The PAS mas discontinued after 
five days because of nausea, but the streptomycin mas continued until Oct. 16. 1949, The 


roentgenographic appearance of the lungs improved, with signs of cavitation disappearing 
on the left side. Hemoptysis assumed alarming proportions in September, however, and 
it was considered necessary to perform a right extrapleural pneumothorax on Sept. 30, 
1949. This procedure stopped the hemorrhage, but the sputum remained positive. In 
December, 1949, hemoptysis recurred and it was necessary to give refiUs to maintain a 
highly positive extrapleural pressure. Since the patient had six months of stability on 
the left side, it was decided to perform a right pleuro-pneumonectomv. This wa= done 
on April 11, 1950. At operation the pleural space was obliterated and was not entered 
There was extensive thickening posteriorly. The extrapleural space wa= clear The 
bronchus was closed with end-on sutures, and the stump was covered with a pleural graft 
Pathologic Examination; A. Gross Appearance; The lung measured cm apico' 
basaUy, 6 cm. mediolaterally. and 12 cm. anteroposteriorly. Anteriorlv the pleura wn= 
gray-white m color and measnxed less than 1 mm. in thickness. Pos'terioriv the fused 
pleurae measured from 3 to S mtm in thickness. A film of orange material could be peeled 
xrom the outer suraace of the pleurae in thm region. The long cut with increased re 
ssrance tn the apmo-postenor aspects. The upper lobe was shrunken Within the nn- 
tenor aspects of the upper lobe was an irregular cavitv measuring « bv bv 1 cm ^ T 
was lined by a friable cheesy material. Its wall measured from Ttn " '-m™ ^ 

and blended in one region with the adjacent pleura, A widelv h ’ ^ 

rato thhs cavity. The remainder of the npper^obe pafen^S 
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color, and contained minierous encapsulated caseous foci measuring from 1 to 2 mm. in 
diameter. The middle lobe was resilient and well aerated. The lower lobe contained a 
few encapsulated caseous foci measuring 1 to 2 mm. in diameter. The intervening paren¬ 
chyma was well aerated, and contained prominent alveolar sacs. 

B. Histologic appearance: Neither the stem bronchus nor the peribronchial lynipli 
nodes contained tuberculous lesions. The fused visceral and parietal pleurae were com¬ 
posed of dense connective tissue containing' occasional lymphocytes and histiocytes laden 
with golden brown pigment. The surface lining the extrapleural space was covered by a 
thin lay'er of fibrin containing histiocytes laden with brown pigment and collagen fibers. 
There was no tuberculous involvement of any' portion of the pleura. Advanced healing 
changes were noted about the upper lobe cavity' and about the small encapsulated caseous 
foci in the upper and lower lobes of the lung. 

Postoperative course; On May 8, 1050, a seven-rib thoracoplasty' was performed. 
When the pleura was opened there was a small amount of fibrinous exudate on its surface. 
The pleural space contained thin fluid which was Gaffky' I on smear and which was culture 
positive for tubercle bacilli. Culture for py'ogens was negative. There were several 1 
to 2 mm. raised y'ellow lesions over the lower mediastinal surface. No stump fistula was 
noted by' the operator. A second stage was performed on May' IS, 1950, removing seg¬ 
ments of ribs eight and nine, Pluid removed at this procedure was negative. The pleural 
space was tapped on June 8, 1950, and a cloudy fluid was removed. This was also negative 
for acid-fast bacilli. Methylene blue was injected at this time, but was not expectorated. 
The patient ran a low-grade fever, but chest roentgenograms showed no further changes. 
On June 16, 1950, the right chest was again tapped and was positive for acid-fast bacilli. 
Methylene blue injected at this time was expectorated, confirming the presence of a 
bronchopleural fistula. All efforts to close the fistula w'ere fruitless, and the patient died 
from an overwhelming spread to the intact lung in November, 1950. 

At necropsy' the intact lung was found to contain large numbers of caseous lobular 
pneumonic areas and acinous nodose foci (Pig. 4). Lack of healing changes in and about 
these foei indicated that they were of recent origin. In addition there were numerou.s 
smooth-lined, thin-walled sacs within the upper lobe. These had a ramifying structure 
and were lined in part by a thin layer of yellow cheesy material. These were interpreted 
as recent tuberculous ulcers in ectatie bronchi, since the smooth lined portions of these 
structures were lined by tall pseudo-stratified ciliated columnar epithelium. There were 
no thick-walled cavities or other evidence of old excavations which might hivve served 
as a source of infection of the pleural space. 

The right pleural space was filled with thick yellow pus which was culture positive 
for M. tuberculosis. The residual space measured 17 cm. vertically and 5 cm. mediolaterally. 
It was lined by thick yellow material. Deep to this was a thick layer of dense gray tissue. 
A 1 cm. segment of the right main bronchus remained in situ. Its mucosa was red granular 
in appearance. A 4 cm. opening at the distal end of the stump communicated with the 
dead space. 

In summary this 30-year-old patient developed a bronchopleural fistula sixty-six days 
following right pleuro-pneumonectomy. The residual chest space was culture positive for 
tubercle bacilli, and yellow foci were noted on the pleural surface one month after the 
resection. No stump fistula was seen at this time. All of the lesions in the intact lung 
were of recent origin, and no older le.sions were noted which could have infected the 
pleural space. 

Case 5.—This 23-ycar-old Negro was found to iiave tuberculosis iu Jlarcli, 1946. 
Boentgenogram revealed bilateral upper lobe cavities with an e.vtcnsive exudative com¬ 
ponent in the left upper lobe. Sputum was positive for acid-fast bacilli. He was put on 
Cd rest. After one year he became febrile and began to lo.se weight. In May, 1947, 
streotomycin (1 Cm. each day') was started and continued for one hundred twenty' day.s. 
He was transferred to Halloran Veterans Administration Hospital on .Tune 23, 1947. 

Examination revealed him to be moderately emaciated. Chest examination revealed 
1 g on the left There was increased tactile fremitus over the left upper lobe. Broncho- 
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vehicular breath sounds and a fetv moist riles were present in the same area. The right 
side was clear. Sputum was positive for acid-fast bacilli on direct smear. Roentgenogram 
revealed that the upper two-thirds of both lung fields were involved by a fibrocaseons in¬ 
filtrate with numerous areas of radioluceucy. The trachea was shifted to the left. 

The patient was continued on streptomycin. The right side cleared well, hut he 
was left with a fibrocaseous disease largely replacing the left upper lobe. Sputum re¬ 
mained positive (Gaffky UHi. A six-rib two-stage left thoracoplasty was performed in 
December, 19AT, and danuar'-. IP-IS. Apicolysis was performed at the same time. Al¬ 
though it was a technically good thoracoplasty, the sputum remained positive. Strepto- 
znvcin was again given from duly to September. 194S (-i-t Gm.). Streptomycin sensitivity 
studies at this time revealed the infecting organisms to be sensitive to 2.5 Mg per cubic 
centimeter. On April 22. lP-19. n left upper lobectomy was performed. There were dense 
pleural adhesions between the parietal and visceral pleura over the upper lobe. A cavity 
in the apicoposterior segment was entered in the course of freeing the lobe under the 
thoracoplasty. 



Fig-, 4.—(Case 4) Tuberculous empyema, widely patent stump fistula, and manv fresh lesions 

xn intact lun^ partncbjTna. ' xcsions 

Pathologic Examination of the Resected Specimen: Gross: The compre^ed upper 
lohe or the left lung measured 13 cm. apico-basaUy, 6 cm. mediolateraUv and «5 cm 
anteropostenoTly. The lobe cut with increased resistance. A cavitv mea^rinc s'bv 05 

posterior aspects, 'xhis was Led bv a 
^.wj-eLow cheesy material. Its waU measured from 1 to 4 mm. in thichness. The l^en 
of this cavity communicated with the pleural surface bv mav of an irremila- L 
(-'urpcal arteiacr already described... The remainder of' th» loL ^"e^a. opening 
capsulated caseous foci which measured from 1 to 2 mm. in diameter^ The 
apper Zone bronchi had a granular appearance, but no m-os, ulceration^ m 
pleum was smooth and shiny in all but the apico-posterior aspects where tV 
the lobe was dissected free from the chest waR. ' ^ segment of 
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Microscopic Examination: The only tuberculous involvement of the upper lobe 
bronchi noted was an ulcer at the bronchocavitary junction. Advanced healing changes 
were noted in the wall of the cavity and about the smaller foci within the lung. The 
pleura was without evidence of tuberculous involvement. 

The patient’s postoperative course was stormy. He was febrile for thirty-three days 
and developed a pleural effusion which never completely cleared. Unfortunately this 
fluid was not cultured. His sputum, except for a Gaffky I, was negative until September, 
1949 (approximately one hundred thirty days), when his sputum .then suddenly increased 
in amount and became strongly positive. All roentgenographic techniques failed to im¬ 
plicate the left lower lobe as the source of these organisms, but in view of the stable 
right lung, it was felt that the left side must contain an active focus. Bronchoscopy on 
Dec. 6, 1949, failed to reveal definite evidence of disease, but the mucosa at the level of 
the superior segmental orifice was edematous and reddened. Sputum was Gaffky VI m 
February, 1950. Streptomycin sensitivity was less than 10 fig per cubic centimeter. 
Streptomjmin and PAS were started on Jan. 5, 1950, and were continued for ninety days. 
There was an episode of streaking in late January, 1950. On February 21 a left lower 
lobectomy was performed ivith considerable difficulty. There was an empyema space over- 
Ijring the lobe and the stump of the upper lobe bronchus. The latter was covered with 
cheesy yellow material. There was an area just above the superior segment of the lower 
lobe which was very close to the bronchial stump which contained semifluid purulent ma¬ 
terial. There was also a large plaque of caseating tuberculosis over the pericardium. 
All caseous areas were removed with the specimen. Culture of this area revealed the 
presence of acid-fast bacilli but no pymgens. 

Pathologic examination: The lower lobe measured 9 cm. apico-basally. The lung 
parenchyma was resilient and well aerated. It contained a few encapsulated caseous foci 
which measured from 1 to 3 mm. in diameter and a few small acinous foci. There were 
no areas of caseous lobular pneumonia or cavities within this portion of the lung. The 
pleura and the adjoining pericardium were lined by a layer of nodular gray tissue which 
wms covered in areas by a layer of cheesy yellow material. The upper lobe bronchial 
stump was not available for examination. The peribronchial lymph nodes were slate gray 
black in color. 

Microscopic appearance: The encapsulated and acinous foci in the low'er lobe were 
in an advanced state of healing. Large numbers of small foci in an advanced state of healing 
were present in the regional lymph nodes. The pleura and adjacent pericardium were 
covered by a wide layer of caseous material. Beyond this was a pyogenic membrane com¬ 
posed of fibrin and polys. A wide granulation tissue composed of fibroblasts, epithelioid 
cells, Langhans giant cells, collagen fibers and small capillaries underlay the pyogenic 
membrane. Small round tuberculous foci were present within this granulation tissue. 
The pleura beyond this was greatly thickened by dense collagenous connective tissue. 

In summary, it is felt that this patient developed a tuberculous empyema followed 
bj' a bronchopleural fistula, the latter having been the source of the acid-fast organisms 
which appeared in the sputum approximatelj- one hundred, thirty days after the left upper 
lobectomy. This assumption is supported by the fact that no source of these organisms 
could be demonstrated in the lower lobe, and since no organisms have been found in the 
patient’s sputum or gastric contents since the second operation (eight months). Treatment 
has been effectual in clearing the pleural disease and closing the dead space. The patient 
has been discharged from this hospital. 


DISCUSSION 

For purposes of discussion we may divide tire possible causes of postopera¬ 
tive fistula formation in tuberculous patients into several categories. We believe 
that it is possible that, in the future, instances of any one of them may be 
observed although it seems improbable that some of these meelianisms have a 
great importance in this regard. 
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A. Erosion by an Extrinsic Lesion.— 

1. TuhcrcuJoits empyana: Erosion of a bronchial stump by tuberculous 
empyema would enable the escape of infected material from the empyema space 
into the tracheobronchial tree, with subsequent spread of the disease to intact 
pulmonary tissue. This has been the commonest cause of fistula formation in 
our series, and we feel that it was operative in all of the eases pi’esented. To 
establish this mechanism as the cause of these fistulas we must furnish e^ idence 
that the tuberculous empyema existed prior to fistula formation, and that no 
other tuberculous lesions existed that were capable of infecting the pleural 
space. These criteria are fulfilled in each of the five cases presented, although 
in some instances the evidence is indirect. In each of the first three autopsy 
cases the pleural lesion was the oldest active tuberculous lesion in the pulmonary 
system, and the only ulceroeavitary disease present. Such lesions as were 
present in the intact lung were small and were either inactive (radial sears and 
encapsulated caseous foci) or the result of a spread from the pleural space 
(recent acinous nodose foci). In the living patient (Case 5) no cavities were 
demonstrated in the nonexcised parencbjuna prior to surgery either by standard 
radiographic techniques or by tomography. Such cavities as were noted in the 
contralateral lung (Case 4) appeared subsequent to fistida formation and repre¬ 
sented infection of broncMectatic sacs from the empyema space. "We believe 
this to be true because the cavities were thin walled, followed the ramifications 
of the bronchi, and were not risible by roentgenogram until after the formation 
of the stump fistula. Bacteriologie evidence that the tuberculous empyema 
eristed prior to fistula formation was present in Cases 1 and 4. Histologic 
evidence substantiated the diagnosis in Case 5. In Cases 2 and 3 a tuberculous 
empyema was present at necropsy, and there was no source of tuberculosis in 
the remaining lung parenchyma which could have infected the space after 
fistula formation. 

It may be asked whether it is possible for a tuberculous empyema to erode 
a bronchus, in the face of evidence that extension into the lung parenchyma 
by tuberculous empyema almost never occurs.^ It is of interest in this regard 
that we have seen a nonsurgical case in which the trachea was eroded by tuber¬ 
culosis of the adsoining pleura. Similar erosion of the bronchial stump seems 
possible in the light of this observation, since the traumatized bronchial tissue 
would furnish less resistance to an advancing ulcerative process than would 
an intact trachea. 


It is noteworthy that the fistidas in these cases oecTured at forty-one days 
twenty-eight days, thirty days, sixty-six days, and one hundred and thirty days 
after excisional surgery. We feel that this time lag is more consistent with 
the indolent course of tuberculous processes than with errors in surgical tech¬ 
nique. Fistulas of the latter type usuaUy appear during the first fourteen days 
of the portoperative period. We have found that fistula formation is often 
preceded by a febrile episode during which either the chest fluid or samples 
ot the pleural tissue give evidence of tuberculous aetiritv We feel that L.- 
patient developing une.xplained fever in the postoperative period should be 
studied to rule out tuberculous involvement of the pleural space. In the^event 
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that such infection exists, every effort should be made to prevent the develop¬ 
ment of a fistula. These views parallel those stated by Kent^ and Day and 
associates.^ The former author makes the additional observation that late 
fistulas occur as a result of erosion by a nontuberculous empyema. AVe have 
one such case in our series of nontuberculous resections. It has been our 
experience, however, tliat there appears to be a much greater likelihood of 
erosion in the presence of tuberculous infection. 

It remains to establish the cause of the empyema. It may be derived from 
contamination of the pleural space at the time of surgery. Accidentally opened 
pulmonary cavities or incision of frankly caseous hilar lymph nodes could 
serve as sources of infection. In onh’^ one of our cases (Case 5) was a cavity 
opened. Pus may also escape from the raw pulmonary surface bj^ way of the 
alveoli and small bronchi and bronchioles. This could occur during segmental 
resections, or during difficult eases where the visceral pleura over the diseased 
lung is torn free of the pulmonary surface. One of our cases (Case 3) was a 
segmental resection and may perhaps liave fallen into this group. Opportunity 
for the escape of infected secretions into the pleural space may occur when 
the stem bronchus is cut. Last, the empyema may represent an exacerbation 
or continuation of an infection existing prior to surgery. In our series, despite 
careful search, none of the surgical specimens showed any evidence of tuber¬ 
culous involvement of the pleura. However, it is possible that small unsuspected 
caseous foci may liave been left in situ at the time of surgery. Since pleural 
tuberculosis is often of hematogenous origin from an extrapulmonary source 
it is of passing interest that two of these cases (Case 1 and 3) had genitourinary 
tuberculosis. It is possible that unsuspected hematogenous pleural tuberculosis 
existed in these cases, and that this served as a source for the subsequent 
empyema. 

The objection might be raised that surgical contamination probably occurs 
more frequentlj^ than does postoperative tuberculous empjmma. It is difficult 
to estimate the amount of contamination in any one case. Individual resistance 
and degree of dosage are the determining factors in anj^ infection, and in this 
instance neither of these is readilj^ measurable. Another factor which may 
possibly play a role in determining whether a given spill will result in a tuber¬ 
culous empyema rests with the growth characteristics of the invading organism. 
Although the pleural dead space may furnish an ideal container for the culture 
of bacterial organisms, there are individual variations in the culture medium. 
Sensitive organisms arc adversely affected in the presence of streptom 3 ^cin. 
Hurvitz,^ however, has shown bj'^ in vitro methods that the growth of resistant 
oro'anisms is stimulated by the presence of streptomycin in a medium which 
varies from pH5.8 to pH6.2. This effect is most pronounced from pH6 to 
pH6 2. In some cases he has noted that the organisms will not grow unless 
streptomjmin is present. It would be interesting if pH studies of pleural 
aspirates were combined with sensitivity studies of the infecting organisms to 
determine whether a similar relationship exists within the postoperative chest 

space. 
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2. Caseous tuberculosis of the hilar hjniph iwdes: Euptirre of a caseous 
h-mph node into an adjacent bronchial stump is a possible cause of fistula 
formation. Intact bronchi are occasionally eroded by disease extending into 
them from such nodes, but this is a relatively uncommon phenomenon. It does 
not seem likely that this might be a frequent occurrence, since it usually occure 
in patients with extensive lymphohematogenous tuberculosis, and these patients 
are not bkely to come to surgery. Usually the IjTuph nodes in chronic pul¬ 
monary tuberculosis are void of all but a few microscopic-sized miliary foci. 


B. lutriusic Causes of Stump Fistula .— 

1. Improper closure of the bronchial stump: Teclinical errore must be the 
source of some fistulas. The frequency with which this complication is reported 
following excisional surgery for bronchogenic carcinoma and for other non- 
tuberculous pulmonary lesions gives substance to this belief. It is not the 
purpose of this paper to catalogue all of the sources of error, but rather to 
assess the importance of such errors as causative factore in fistula formation. 
It would be surprising if eiuoi-s were not committed in the treatment of tiiber- 
culosis, since the technical difficulties encountered in the surgical therapy for 
this condition may be equal to or greater than those attending carcinoma or 
bronchiectasis. 

Following slough of the stvmip a mixed pyogenic empyema can then super¬ 
vene. In the absence of a source of tuberculous infection, the empyema null 
remain of this tj*pe. This is an important point in distinguishing this form 
of fistula from one developing on the basis of an erosion by a tuberculous in¬ 
fection of the dead space. If. however, the pleural space has been contaminated 
by caseous material, or if a ca%ity exists in the remaining lung parenchyma 
which can infect the space through the fistula, it may present a clinical appear¬ 
ance similar to that seen following extension of a tuberculous empyema. In 
this case we feel that the time of onset of the fistula should be borne in mind. 
It is our opinion that fistulas occurring during the first two postoperative weeks 
should be placed in this eategoiy, since time allowances must be made for the 
development and progression of the tuberculous infection within the pleural 
space. It should also be noted that it is often difBcult to give a precise date 
of onset in patients of this groiip, since the febiile episode whieh attends the 


empyema and fistula often blends with that which follows surgery. The fistulas 
of two patients in this series should be placed in this group. The fistulas 


occurred on the fifth and tenth postoperative days follo-\ving semnental resection. 
In each case the spntum was negative for tubercle baeiUi on smear and culture 
despite the presence of the fistulas. The fluid ivithin the empyema space was 
negative for tubercle bacilli and positive for pyogens. Both of these fistulas 
were subsequently closed and the patients are free of active tuberciflosis 

KenF stated a similar concept in these words-. “It is mv opinion that a 
bronchial fistula whieh occurs in the first ten days after operation is a true 
failure of healing of the bronchial stump and that the associated emnvema is 
of secondary origin. On the other hand, in those instances of a later* leak in 
fte bronchus, usuaUy from three to five weeks after pneumoneetomv the cause 
IS most commonly infection in the pleural caiity with an emprema whieh 
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escapes through the recently healed bronchus.” Kent’s views were derived 
from a study of bronchial fistulas in thirteen nontuberculous patients. Of 
these patients, six occurred in the first ten postoperative days, and seven 
were in the later group. Among seventy-eight cases of. excisional therapy for 
nontuberculous conditions, we have encountered early fistulas in four instances. 
One of these four patients died on the twelfth postoperative day. The remainder 
followed a course similar to that observed in the two tuberculous patients 
already noted in this group. 

There exists one technical factor which may have a hearing on the ability 
of bronchial tissue to resist a progressing ulcerative lesion within the pleural 
space. In each of the three pneumonectomies which came to necropsy, it was 
noted that the bronchial stump measured 1 cm. in length. It is possible that 
a blind, sac of this size may retain sufficient infected secretions to alter local 
tissue resistance. It would be of interest in the future if the length of the 
stump were to be calculated in all eases coming to necropsy so that this factor 
could be evaluated. 

2. Extension of a tuberculous ulcer of the bronchus through the stximp: 
Tuberculous ulcers of the bronchi are, Avith a few exceptions, found only in 
the presence of cavitary disease of the lung. If a pulmonary cavity closes, or 
is resected, it is likely that the bronchial ulcer will heal. Therefore, it does not 
appear probable that such an ulcer would go on to progression after resection 
unless the bronchi were more severely involved than usual. If the entire tliick- 
ness of the bronchial wall had undergone caseous necrosis, no technique of 
closure would prevent a slough with subsequent fistula formation. Bronchial 
disease of this degree is relatively rare, however. In any case there was no 
evidence that this mechanism was operative in any of the cases reported here, 
since histologic examination of the proximal edges of the resected bronclii did 
not reveal any evidence of tuberculosis. On the other hand, when tuberculous 
lesions are discovered in the stumps of resected lungs they'^ are usually small 
submucosal foci. None of the patients in whom we have noted these foci have 
developed fistulas. Day and associates^ offer additional support to this state¬ 
ment. They say that, in their series, cases have been noted in wdiich adequate 
healing occurred when transection was carried through grossly diseased mucosa. 

3. Infection of the bronchial stiimp by a tuberculous cavity in the intact 
lung: Too little necropsy material has accumulated to judge whether this mode 
of stump infection could occur. "We do not believe that it wms a cause of any 
of the cases reported herein, although we have only clinical and radiologic 
evidence to support this statement in the living patient (Case 5). 

SUMMARY 

1. Five tuberculous patients, who developed bronchopleural fistulas during 
the postoperative period as a result of excisional therapy, were studied with 
a ^dew to establishing the pathogenesis of the fistulas. 

2 Of the five patients, four died and were studied at necropsy', whereas 
one remains well. 
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3. Massive involvement of the intact lung bv recent tubei-eulous lesions 
was felt to be the immediate cause of death in the fatal cases. It was felt that 
in each instance a tuberculous infection was derived from the infected pleuial 
space. 

4. It is felt that the principal causes of post escisional fistulas are exten¬ 
sion of a tuberculous empyema through the bronchial stump and technical 
errom in stump closure. All of the tuberculous patients in whom this com¬ 
plication was noted fall into tlie first category. Comparison of this group of 
patients with similar patients in the nontuberculous series revealed that the 
fistulas occurred late in the postoperative course in the former group and 
tended to occur within the first fourteen postoperative daj's in the latter group. 
It is assumed that early fistulas in nontuberculous patients are due to technical 
erroi-s in stump closure. 

5. It is felt that the fistulas in tlie tuberculous patients occurred as a result 
of extension from a tuberculous empyema because the empyema preceded the 
fistula in three of the cases. In two other cases no souree of pleural infection 
existed in the intact lung. 

6. It is felt that the tuberculous empyema results from contamination of 
the pleural space at the time of opei-ation, although this factor is difficult to 
evaluate in the individual ease. 

7. It is possible that an excessively long bronchial stmnp may harbor 
infected secretions which may alter the resistance of tlie bronchial tissue to a 
progressing tuberculous empyema. A greater number of autopsied cases is 
required to establish this as an important factor. 

S. As in nontuberculous cases, early fistulas are thought to be due to fail¬ 
ure in stump healing. If no souree of acid fast bacilli exists in the intact lung 
to infect the pleural space, the resulting empyema is pyogenic in character. Such 
fistulas usually pursue a benign course. Two cases of tliis tjiie were noted in 
this series. 

9. It is felt that neither tuberculous ulcers of tlie bronchial stump nor 
hilar lymph node tuberculosis is an important source of bronchopleural fistula. 
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DK. JAAIES D. AIBEPHY, Oteen, N. C.—Having had our .n - 

trophies, sometimes I think more than our share, we have been evtr i - 
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It is pleasing to note that bis findings almost parallel our own. In a recent report we 
studied autopsy findings in five patients who died following a fistula. These live patients 
were compared to a group of twenty-two who developed postresection fistula and with 
our total series of resections. We found that in the five autopsied patients the bronchial 
stump was literally eaten away by tuberculous granulation tissue. The three groups were 
analyzed from every angle that we could think of. Since we could find no difference between 
the technical aspects of the surgery, pre- and postoperative care of the selection of cases 
were considered. In only one factor was there a definite trend established, and that was 
in the use of streptomycin. Nowada 3 's everyone receives streptomj'cin long before thej' 
come to surgery". In order to obtain statistics resulting from a large series of cases, we 
pooled our own contribution of 186 resections with the entire series reported at the Tenth 
Veterans Administration Streptomj-ein Conference in Atlanta in January, 1951. I would 
like to present those results to show the deleterious effect of the previous streptomycin 
treatment. 

(Slide.) This represents 476 resections who came to the surgeon having had previous 
courses of streptomj-cin therapj- and 480 resections who had no previous streptom.vcin 
prior to their surgical prophjdactic course. All of these patients were treated with strepto- 
mj'cin for one week before and two weeks after resection. Fistula developed in 13.2 per 
cent of those previously treated and only 5.3 per cent of those who had antibiotic treat¬ 
ment prior to the resection course. 

(Slide.) Further analj'sis was made of those who were known to be sensitive and 
those who were known to be resistant at the time of resection. Fistula developed in 26.8 
per cent of ninetj’-seven patients who were known to be resistant to streptomycin at the 
time of surgerj". Onlj' 10.7 per cent of the sensitive patients developed fistula. These 
figures were collected from a group of fortj'-sLv participating Veterans Administration 
stud}- units. The surgery in these hospitals is supervised for the most part by members 
of this Association, so we will hai-e to accept the fact that it was good surgery. 

(Slide.) This represents our own troubles at Oteen in a group of patients in whom 
a resection was done for one definite indication; a residual post-thoracoplasty cavity. 
Thirty-nine successive patients who had no previous streptomycin treatment were resected 
for this indication without a fistula. In twenty-three post-thoracoplasty resections who 
had had one or more courses of streptomycin before coming to surgery, seven patients, 
or 30.4 per cent, developed a bronchopleural fistula. The relationship of previous strepto¬ 
mycin treatment to complications following surgery has been studied in other forms of 
the surgery of tuberculosis. The results following thoracoplasty and those following 
cavernostomy for residual cavity also indicated that previous treatment with streptomycni 
resulted in an increase in the number of postoperative complications. 

DE. C. THOMAS BEAD, Phoenix, Ariz.—Recently in the literature references and 
articles have appeared concerning the use of streptokinase-streptodornase outside the 
original reporting group in New York. With the increased use of the enzymes, I would 
like to call attention to some of the data we accumulated and reports obtained from others 
regarding bronchopleural fistula. We believe bronchopleural fistula does not occur as a 
direct result of the use of the material, but follows more or less indirectly. At the meeting 
last year it was mentioned that fistulae or potential fistulae may be controlled or made 
dormant by the tamponade effect of fibrinous debris. Streptokinase-streptodornase are 
fibrinolytic and possess the unique qualities of dissoiving nucleoprotein. and the}- therefore 
could remove the tampon effect mentioned. In pulmonary resection cases it is well to 
keep these points in mind if indications arise for the use of the enzymes. 

DB. HERBERT C. AIAIER, New York, N. Y'.—think a word might be said to try 
to clarify some of the confusion as to the incidence of bronchial fistula in relation to 
streptomycin therapy. It -would seem that the best results in so far as avoidance of fistula 
is concerned occur either when excisional surgery is done with the first course of strepto- 
inycl ■ • bacilli are still streptomycin-sensitive, or after a verv prolonged uninter- 

rug Z" reptomycin combined with PAS. It seems to me that the highest inci- 
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dence of fistula occurs rvliere an intermediate amount of streptomycin has been used in 
several short courses. Then one has lost some of the beneficial effect of the streptomycin 
and bacterial resistance may have developed, but one has not yet obtained the maximum 
subsidence of the tubercnloiis process. This is particularly important if bronchial disease 
Tvas present close to the line of section of the bronchus. Therefore, if you cannot or do 
not consider it advisable to do the excision with the first course^ it is best to wait some 
months for the lonv course of streptomycin and PAS, in order to have maximum sub' 
sidence of the tuberculous process in the bronchus and elsewhere at the time of excision. 


DE. m'lNG A. SAKOT, Xcw York. X. Y.—The studies of Dr. Stemmermann and his 
colleagues provide a valuable confirmation of the published views of Tchcrtkoff and 
Selikoff that some postpneumonectomy bronchopleural fistulne occur as a result rather 
than as a causative factor of postoperative empyema. It has been in an effort to reduce 
the incidence of such empyemas that removal of the parietal pleura has been recommended 
in the course of all pneumonectomies for tuberculosis, not only because bits of tuber¬ 
culous plura and involved lung remaining after a difficult intrapleural dissection may be 
the source of the empyema, but also because the parietal pleura becomes infected easily 
as a result of contamination during operation. 

(Slide.) Extrapleural pneumonectomy (pleuropneumonectomy) was developed to 
overcame the difficulties in resection occasioned by the presence of dense pleural adhesions 
(s.vmphysis) or empyema. This procedure reduces the incidence of contamination of the 
operative field due to rupture of lung, cavity, or empyema pocket, and also removes the 
parietal pleura which reacts to infection so vigorously by exudation and caseation. All 
the parietal pleur.t should be removed. Total removal of the diaphragmatic pleura, while 
most desirable, may be dilficult due to the anatomic peculiarity of the underl.ving con¬ 
nective tissues which make for more intimate attachment of the pleura in this region. 
IVhen, inadvertently or unavoidably, significant portions of the costal or mediastinal 
pleura are not removed, the incidence of empyema will increase. Surgical exploration 
of a number of cases of empyema following pneumonectomies considered to have been 
done extrapleurally has revealed the presence of residual parietal pleura. 

Study of a large series of consecutive pneumonectomies performed by the various 
surgeons on the staff of Dr, L. R. Davidson at Sea Yiew Hospital revealed significant 
differences in the postoperative results of intra- and extrapleural pneumonectomies. 

(Slide.) Of IIS consecutive pneumonectomies for tuberculosis without empyema, 
seventy-five were done intrapleurally and forty-three extrapleurally. Among the seventv- 
five intrapleural pneumonectomies, in which the parietal pleura was permitted largelv to 
remain in situ, there were thirteen postoperative empyemas with eleven deaths. Itfost 
of these empyemas were associated with bronchopleural fistulae. and clinical evidence was 
clear that in many of the cases the empyema preceded the opening of the bronchial .stump. 
In the forty-three extrapleural pneumonectomies in this series, there were no postopera¬ 
tive empyemas, despite obvious gross contamination from rupture of a cavity at operation 
in four cases. 


Therefore, especially as it has no indispensable function after pneumonectomy, it 
seems proper to remove the parietal pleura in every pneumonectomy for tuberculosis’ as 
the incidence of postoperative empyema and bronchopleural fistula is thereby reduced 
This is not to say that pleuropneumonectomy is not occasionnllv followed by either a 
bronchopleural fistula or empyema, or both, since they do occur although much less fre¬ 
quently; but they manifest a less toxic course, 

hilar circumvents dense adhesions and matted 

hilar nodes facilitates a rapid approach to the carina and permits a hich a,„,^ i ° 

the bronchus with resultant short bronchial stump. In two ca™ Dr stetmT^ 
at autopsy bronchial stumps 1 cm. in length. Inch long st'mjs ar; 
tracting into the mediastinum bv adherent peribronchial and nlenral ^ 

They are then more liable to op^n primarilv because of fail,L o^^^ 

cover them, or to be eroded secondarily by empyema. -urrounding tissues to 
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DB. EICHABD H. OVEBHOLT, Brookline, Mass.—A^ery little has been said in this 
discussion about the manner in which the bronchus is closed. It has a bearing on the 
incidence of empyema. I am sure that almost everyone here has his own pet method of 
effecting a satisfactory closure of the bronchus. I have personally come to the conclusion 
that mattress sutures should be avoided and that something should alwa 3 ’s be done to the 
cartilage in order to prevent tension on end sutures. A radical change in the tj'pe of 
bronchial closure was made two j'ears ago and in 228 consecutive bronchial closures there 
has been just one fistula. 

(Slide.) I would like to illustrate this simple method. Possiblj' some of j'ou use it. 
No clamps are used on the proximal side of the bronchus. The bronchus is only partial!} 
divided at first. The attached lung and bronchus are used for traction. Two cartilages 
are out at their center from within. The first suture is passed through the end of the 
bronchus about midway between the membranous portion and the point of fracture of 
the cartilage, then out and in through the membranous wall to the opposite side of the 
bronchus. AiVhen this suture is set, the membranous wall becomes inverted to reduce the 
bronchial width by half. A second suture is placed abov'e and a third below the first. 
Usually three end sutures are sufficient. The use of a minimal number of sutures prerents 
devascularization of the stump and will do more to prev'ent difficulties with healing an 
infection of the space than any other single step. 

DB. BOBEET M. JANES, Toronto, Ontario.—After hearing Dr. Overholt’s discussion 
I felt that it was probably up to me to make what might be considered a confession, e 
cause we have always believed in the simplest possible closure of bronchial stumps an 
we still use a simple running suture of chromic catgut, being careful to apply it so that it 
does not produce tension and interfere with nutrition of the end of the stump. I t in 
that the important factors are the same as in surgery of the bowel, surgery of the colon, 
the least possible trauma, and closure without tension on the tissues and without tension 
on the sutures, 

I have been most interested in the bringing forward of these problems. It seems 
to suggest thought along other directions than methods of complicated closure which 
am quite sure are not the answer to this problem. 

DE. STEMMEEMANN (closing).—I want to thank the discussers. First, with 
regard to streptomycin, I do think there is one interesting factor that should be empha¬ 
sized. Environmental factors may affect the growth characteristics of the invading or¬ 
ganism, streptomycin adversely affecting organisms sensitive to the drug. It is interesting, 
liow’ever, that Hurwitz has shown by in vitro methods that the growth of resistant or¬ 
ganisms is stimulated by the presence of streptomycin in a culture medium which varies 
from pH 5.8 to 6.2, the effect being most pronounced from pH 6.0 to pH 6.2. In some 
cases he has actually noted that the organism will not grow unless streptomycin is present 
under these conditions. It would be interesting in the future if pH studies of pleural 
aspirates w'ere combined with sensitivity studies to determine whether a similar relation¬ 
ship exists within the chest fluid. Types of technical errors were not elaborated, since 
we wished only to assess the importance of errors in the pathogenesis of fistulas. 



BKONCHIEGTASIS; A COilPARATIVE STUDY OF TUBERCULOUS AND 
NONTUBERCULOUS PYOGENIC SUPPURATIVE DISEASE 

Joseph Gordox, M.D., Ray Brook, N. Y., and Phiup C. Pratt, M.D. 

(by invitation), Saranac Lake, N. Y. 


T HIS presentation of a coniparison between tuberculous and nontubereulous 
bronchiectasis will be limited to four points. In the formal completed 
manuscript other data will be considered. The term bronchiectasis is an un¬ 
fortunate one, since bj* definition it means only dilatation of the bronchial 
tubes, but by inference and common usage has come to mean a disease entity. 
Nontubereulous bronchiectasis as used in this instance is that disease entity 
i.'hieh commonly appears in young children and continues through later years, 
usually associated unth cough and expectoration of large amounts of purulent 
foul smelling and tasting sputum. This, of course, is the type of disease that 
is generally meant when the vrord bronchiectasis is used, without other quali¬ 
fying terms. Tuberculous bronchiectasis commonly means* an associated dis¬ 
ease of the bronchi in a patient ^\'ith pulmonary tuberculosis. Often no dis¬ 
tinction is made as to the level of the order of the bronchial tree that may be 
implicated. However, this immediately becomes clear when bronehograms are 
done and the abnormal dilatations are noted. This, then, gives a reference 
point when it is used in tuberculosis as in nontubereulous bronehograms. 

The points of comparison that are being here made and illustrated in the 
slides are as follows; 

1. Segmental lobar location of tuberculosis versus nontubereulous bron¬ 
chiectasis. That either of these tAvo diseases may involve an entire lung or 
may be present on both sides of the chest is recognized. Tuberculosis, as is 
Avell knoAni, is commonly located in the posterior and apical portions of the 
lung segments. In contrast to this, nontubereulous bronchiectasis is commonly 
located in the posterior and basilar portions of the lung. In addition, tuber¬ 
culosis in the apical posterior portions of the upper lobe is not uncommonly 
associated Avith disease in the superior segment of the loAver lobes. This has 
been of more recent appreciation during exploration at the time of pulmonary 
resection for tuberculosis. There is a similar parallelism in nontiiberculoiis 
bronchiectasis in that disease located in the posterior portions of the loAver 
lobes often has contiguous upper lobe inA-olvement in the lingula on the left 
and middle lobe on the right. In addition, in recent years, a clinical svndrome 

has been recognized of pneumonitis Avith bronchiectasis involvin'^ the ricriit 
middle lobe alone. e me ii^nt 


_ 2. Bronehograms. Tuberculous and nontubereulous cases show some simi 
dilatation of the bronchi are thereby depicted. However, by 
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direct comparison, whether in the presence or absence of cavitary disease iiv 
tuberculosis, two differential points have been noted. These are that in the 
tuberculous case the bronchograms show evidence of dilatation interpreted as 
bronchiectasis, but the tilling is in the medial two-thirds of the lung field and 
distinctly absent from the outer portion of the lung field. In nontuhereulons 
bronchiectasis the distinguishing characteristic is that, while a smaller sized 
lobe than normal is seen, the dilated bronchi extend to within the visceral 
pleural margin of the lobe. This has not been seen in tuberculosis. 

3. A further point, as recognized in the bronchogram films, is that when 
these films are taken in both inspiration and expiration one sees little, if any, 
change in caliber of the dilated bronchi in nontuberculous cases, whereas in 
the tuberculosis cases one notes relatively normal behavior of the bronchi, for 
in expiration the}" are seen to deei’ease in size. 

4. A fourth point of difference observed in this study between tuberculous 
and nontuberculous bronchiectasis has been observed in a study of films after 
injections of surgical and postmortem specimens with iodized oil. The con¬ 
trast medium was injeeted into the bronchi and pulmonary arteries. In pul¬ 
monary tuberculosis one sees, as is well known, evidence of obliterative arter¬ 
itis, and this same obliterative change is seen in the bronchi as well. Again 
dilatation of the larger bronchi is seen ivith shortening, widening, and lack of 
arborization, in addition to the fact that the abnormal shadow is seen to stop 
well within the inner portions of the lung and to be absent from the outer 
third. This is in striking contrast to findings in nontuberculous bronchiectasis 
studied in the same manner. Here one sees most strikingly that the pulmonary 
arterial system is completely intact, that the bi’onchi have the same widened 
appearance as noted in bronchograms with irregular margins and few or no 
branches, and extend to within the pleura] margin of the lobe. These two 
distinct patterns, as above described, haA"e been repeatedly demonstrated m 
all cases of bronchiectasis studied thus far, and are a constant finding m 
tuberculosis. 

When one reAuews the histopathology in the two diseases, it is easy to 
understand how these two patterns are demonstrable in the roentgenograms 
of injeeted specimens. The commonly seen necrotic destructive lesion of 
tuberculosis involves all elements of the lung parenchyma, including the 
bronchi and pulmonary arterie.s, or in some areas dense scar tissue replacement 
is seen to efface the smaller arterial branches as well as the bronchi and 
bronchioles. The bronchi tow'ard the hilum are seen to be uninvolved, as the 
entire structural element appears intact. There are individual exceptions 
which are readily recognized. One is specific tuberculous inflammation or 
ulceration followed by stenosis of a major bronchu.s, and here the picture is 
that of narrowing of the lumen a.ssociated ■with some distal dilatation, but this 
is not the pattern here referred to as bronchiecta.sis. The pattern of bronchi¬ 
ectasis as described in the roentgenogram, following the use of iodized oil, 
is tlie most common one and, while these bronchi are soon to go to the lobe or 
portion of the lung that is extensively involved, they themselves appeal- intact 
and uninvolved by the .specific disease. 
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A Study of the histopathology of bronchiectasis which has been done 
repeatedly, carefully, and by many members of this association is yell lecog- 
nized. Here one sees that the chief insult to the lung is the tubular system 
itself. Variable changes of mucosa, muscularis, cartilage, and elastic mem¬ 
brane are described, ranging from increase in amount to decrease to absence 
of yarious portions. There is only little change in the lung parenchjuna be¬ 
yond coUapse of alyeoli. and these changes are in the contiguous areas of 
inyolyed bronchi. The dilated tubular structure is seen to extend to within 
the margin of the pleura of the lung. Despite all of these changes in the 
tubular system, the imlmonary arteries haye a normal appearance—they are 
thin walled and show no reaction. 

These, then, represent the points of compaiuson that are bemg made be¬ 
tween tuberculous and nontuberculous bronchiectasis: (1) location in the 
lung; (2) changes during inspiration and expiration; (3) difference in extent 
of tubular change as seen in the bronehogram; and (4) dift’erence between the 
pulmonary arterial system in the two diseases, being greatly obliterated in 
tuberculosis and intact in the nontuberculous disease. Recently it has been 
possible to find correlation of these observations made from the injected 
specimens when studying patients. That is, the bronehogram obseryations can 
be made from films taken when this examination is done on the liying patient 
and, though only a yery few patients haye been studied, there is a suggestion 
that angiocardiography with msualization of the pulmonary arteiy the arterial 
system giyes similar findings. In chronic pulmonary tuberculosis the angio¬ 
cardiogram reyeals a paucity of arterial pattern in the inyolyed lung area. In 
bronchiectasis, nontuberculous. a relatiyely good pulmonary arterial pattern 
has been seen. 

The question of congenital or deyelopmental nature of nontuberculous 
bronchiectasis has, to the present, not been mentioned, and is included here 
only to suggest a means of studying this problem. In a cystic lobe which, 
when remoyed, had classical markings of being a deyelopmental defect, the 
pulmonary artery was injected, and it was noted that while the arterial pat¬ 
tern was present it was much smaller in caliber size, there were many fewer 
branches, and the entire picture was in contrast to a normal lung and to a 
bronchiectatic lung. In another case of what appeared to be cystic disease 
of the lung by bronchography, often called cystic bronchiectasis, a pulmonary 
angiogram showed a marked decrease in pattern. These two cases sno-o-est 
that there may be a possibility of distinguishing congenital or deyelopmental 
defects from acquired changes by studying the pulmonary arterial system 
both by angiography and direct injection of the specimen. It would' seem 
that as an economy in nature and on teleological grounds the pulmonarv 
arterial system might not be expected to develop normallv if the need for it 
were not at hand as in absence of or failure of development of the luno- 



FUNCTION TESTS IN PULMONARY SURGERY 

G. Birath, M.D., AND C. Cr-afoord, M.D. 

Stockholm, Sweden 

G uided by accumulated experience, we are able to perform major pulmonary 
operations on a yearly increasing number of patients. These interven¬ 
tions more or less inevitably reduce the respiratory’^ area of the lungs. It is very 
often possible to predict, without the use of complicated tests, and with a fair 
degree of accuracy, how much surgery^ may safely be contemplated. But most 
thoracic surgeons have certainly had the distressing experience of producing 
respiratory cripples from operations where the reduction of functioning lung 
tissue was unexpectedly excessive for the patient. ‘ On the other hand, there are 
patients who are at present denied the surgery from which they might derive 
great benefit. Could the functional prognosis in these “borderline cases” be 
assessed by accurate tests of respiratory and cardiac capacity, operative treat¬ 
ment might be successfully undertaken. 

We maintain that, in order to help patients of this latter category, and to 
provide a more accurate basis for evaluating surgical risks, every specialized 
chest unit should include a well-organized laboratory for cardio-respiratory 
investigations. The head of the laboratory should be a “chest-minded” physiolo¬ 
gist with his owm technical staff at his disposal. Much valuable wmrk has been 
done where such laboratories are already in existence, particularly at the 
Bellevue Hospital, New York, by Cournand and Richards and their associates. 

Respiratory function is a very complicated process involving heart, lungs, 
blood, and tissues; tests of fxuiction fall into turn principal categories; 
(1) those which include all the participating factors, e.g., exercise tests; (2) 
those in 'which an attempt is made to evaluate, as far as possible, the elementary 
functions. Exercise tests are widely used, and if satisfactory results are thereby 
obtained, further analjmis of the elementary components may be unnecessary. 
But in the event of demonstrated insufficiency, i.e., if the patient is dj^spneic on 
exertion, the elementary functions must be carefully investigated for possible 
causes. Dyspnea in many borderline cases does not necessarily contraindicate 
operation. In such patients surgery need not increase, and may even relieve 
dyspnea. But if, for example, pulmonary emphysema is the causative factor 
in respiratory insufficiency, operation is often contraindicated, or, if attempted, 
must be carried out ■with extreme caution. 


FORMS OF PULMONARY INSUFFICIENCY 

Dj'spnea in chest patients is* almo.st invariable' of cardiac or pulmonary 
origin. Heart disease must, of course, be excluded by routine methods of investi- 
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gatiou. Eemaining then are the patients whose dyspnea is attributable to pulmo¬ 
nary anomalies. 

Only ten years ago little had been done about the problem that these cases 
presented. Durinsr recent vears, however, much new scientific research has been 
carried out in this field, and it is now possible to demonstrate the direct cause 
of dyspnea in most eases. It has been shown that most forms of pulmonary 
dyspnea have their origin in well-defined pathologic changes in one or more of 
the foUoning physiological entities; (1) the ventilation system, including the 
air passages and the movements of the diaphragm and chest wall; (2) the pulmo¬ 
nary parenchyma, including both quantitative and qualitative changes in the 
respiratory membrane of the alveoli; (3) the pulmonary circulation. Conse¬ 
quently. the causes of pulmonary dyspnea may be grouped as follows: (1) 
Ventilation insufficiency, which may be produced by obstruction of any kind in 
the air passages; e.g., tuberculous strictures, tumors, enlarged bronchial glands, 
etc., or by impairment of costal and diaphragmatic mobility. Overlapping from 
this group into the next is erdargement of respiratory dead space by bronchiec¬ 
tasis, pulmonary emphysema, etc., which often produce severe dyspnea. (21 
Parenchymatous insufficiency, which occurs when the size of the functioning area 
has been reduced; (a) quantitatively, by disease, collapse procedures, or extirpa¬ 
tion of lung tissue; (b) qualitatively, by impaired diffusion of gases through the 
alveolar membrane due to toxic agents or stasis. (3) Insufficiency of the pulmo¬ 
nary circulation, which may be brought about by: (a) persistent circulation 
through unventilated parts of the lung, so that unoxygenated blood is mixed with 
arterial blood; (b) arteriovenous aneurj-sm, (shunt); (c) obstruction of the 
pulmonary artery by emboli or obliterative arteritis. 

This classification is, of course, rough, and in many respects incomplete, but 
it is iiseful in practical work where it is helpful to have a working hj-pothesis. 
Naturally the categories frequently overlap, as many conditions present com¬ 
bined forms of insuffieieney. 


TESTS OF POL3IONABY FUNCTION 

Theoretically, pulmonary- fimction should be investigated with exercise tests 
both in its entirety and ndth reference to its various components. In practice, 
however, a few procedures, which we -will now discuss, and which may be carried 
out with the patient at rest, have proved adequate. As certain of the functions 
investigated, such as residual air and maximal ventilation capacity have a pro¬ 
nounced correlation to the degree of dyspnea, the need for exercise tests has 
not been greatly felt. But we feel that exercise tests are nevertheless advis¬ 
able, so as to be able to form an accurate assessment of the patient's limits as 
regards ventilation and oxygen uptake. 


Fluoroscopic and radiological investigation of the costal and diaphragmatic 
movements is of great value. Impairment of diaphragmatic mobiHtv bv intra 
pleural adhesions has an especiaUy deleterious eft'eet on ventilatorv function- it 
IS without doubt the commonest cause of ventdation insuffieienev' dvspnea ’ A 



416 


THE JOXIRNAIj OF THORACIC SURGERY 


rough estimate of ventilation capacity on either side can be made by fluoroscopic 
study during forced breathing. We have found that registration of the maximal 
diaphragmatic movements by double exposure on the same film is very useful. 
This can be done without any special apparatus, but we prefer to use a lead 
grid with vertical lead bars, each Yo cm. in breadth and cm. apart (Birath 
and Kallqvist). Exposure is made at maximal inspiration; then, with the pa¬ 
tient’s position constant, the grid is shifted ^ cm. to one side and maximal 
expiration is registered on the hitherto unexposed strips of film. By thus cover¬ 
ing the already exposed film strips, actual double exposure is avoided. Kegistra- 
tion of the diaphragmatic movements in this simple waj"" does not restrict knowl¬ 
edge of the ventilation potentialities to the observer behind the fluoroscopy 
screen. To be complete, the film must clearly show the posterior costophrenic 
sulcus. Lateral double-exposure films, wdth the patient in slightly oblique 
position should, therefore, also be taken. Not only can significant pleural 
adhesions be estimated qualitatively in this waj'’. Impaired diaphragmatic 
function in emphysema and reduced costal movements in pulmonary retraction 
and pleural thickening can also be assessed. 

SPIROMETRIC INVESTIGATION 

The total lung volume and its subdivisions are also estimated. We wish to 
stress that measurement of the vital capacity alone is inadequate and may even 
be misleading. In emph 3 ’’sema, for instance, the vital capacitj’’ is often very good 
despite impaired lung- function. Yet many of these patients do not tolerate the 
usual pulmonarj^ operations (see Pig. 1). This is easih’’ understood when we 
consider that vital capacity refers only to the function of the pulmonary bellows, 
but gives no information about the circulation or exchange of gases in the lungs. 

If the total lung volume is estimated in such a patient, it is found to be sur- 
prisinglj'' great, but tlie residual capacitj’-, i.e., the amount of air remaining in 
the lungs after a maximal expiratorj^ effort, is increased. Eesidual capacity (or 
residual air), normalh^ constitutes about 25 per cent of the total lung volume, 
but in emphjmema it is increased to 30, 40, or even 50 per cent. The increase 
applies also to equilibrium capacity (functional residual air, mid-capacity), i.e., 
the amount of air remaining in the lungs after a normal expiration. This com¬ 
prises about 50 per cent of the total lung volume in a healthj" subject, but may 
be as much as 60 to 70 per cent in pulmonary emphj^sema (Fig. 1). 

Contraiy to what appears to be the general opinion, emphysema is not the 
only cause of disproportionate increase in these values. In serial investigations 
of patients with various pulmonary diseases (Birath), it was found that relative 
increase of residual and functional residual air was present in patients with 
dyspnea on slight exertion or even at rest. This dyspnea could also be caused by 
other ventilation-impairing conditions, e.g., bronchostenosis, bronchiectasis, 
indurated or infiltrated parenchvTua, and exten.sive pleural adhesions (see 

Fig. 2). 

Previously, Hurtado and associates had .stated that the degree of respiratoiy 
insufficienev in pulmonary emphysema is directly proportional to the percentage 
of residual air: But this dictum seems also to be applicable to other types of 
pulmonary dyspnea. 
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It ^vas quite e^•ideut in one of the author's investigations (Birath), that 
this increase in the percentage of residual air was not bound to a dimmished total 
capacity. In patients with bilateral pneumothorax, the total capacity could be 
reduced considerably without any significant change in the relationships between 
the subdivisions of the pulmonan* volumina, as long as the lungs were adequately 
ventilated. On the other hand, patients with pronounced ventilation distress 
and marked dyspncic tendencies as a result of post-pleuritic pulmonary retrac¬ 
tion showed marked disparity in these relationships; residual air was sometimes 
as much as 50 per cent and functional residual air. 70 per cent. 



Fig:. 1.—Emphysema, Unfit for operation. 

A- K.. a 55-year-old man. Bilateral pulmonary tuberculosis -with bronchiectasis and 
right ca\'itation ^vas diagmosed in 1949 (A). Double exposure on maximal inspiration and 
^Piration shows the reduced movements and flattened contour of the diaphragm (B). He is 
dyspneic on exertion. Thoracoplasty is ruled out from a functional point of view. 
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4.16 

S.S7 

S.03 

67.4 

4S.2 

31 


As the fraction of special interest, residual air is fairly cousistentlv increased 
m dyspnea-producing conditions, its determination gives valuable information 
of the functional condition of the lungs. 


In our mew, it is clear that indications for surgical interventions should 
not be bound to fixed values of the vital or total capacities. Estimation should 
rather be based on the percentage values of residual and functional residual 

increased residual capacity- indicates inadequate 

SnSl r Fig- D- Low vital capacity but nomial per- 

centm,e« residual a\r often permits pnlmonarv- surgery (see Fig. 3) ^ 
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Tile determination of the “maximum breathing capacity” according to 
Hermansen is also of decided value. This test demands perfect cooperation 
between investigator and patient, but an intelligent, willing subject can help 
us to obtain useful knowledge of his maximum ventilation capacity. The patient 
is instructed to breathe as deeply and as rapidly as possible for fifteen seconds; 
this is repeated at intervals until consistent values are obtained. In healthy 



Absolute values (in liters, 37° C. saturated) 
equilibrium capacity 
vital capacity 
residual capacity 
total capacity 

Relative values (per cent of total capacity) 
equilibrium capacity 
residual capacity 
Maximum breathing capactW 

(liters per minute, 37° C. satiirat^)_ 


males the range in liters per minute is 125 to 150, and in normal females 80 to 
110. Cournand and Eicliards have found that the immediate postoperative 
neriod may be stormy, and tliat permanent disability in the form of dyspnea on 
minimal exertion or even at rest may result if the preoperative maximum breath¬ 
ing capacity does not exceed 30 to 40 liters per minute. 

BROXCHOSPIROJIETRY 

The foregoing tests refer to both lungs working in unison, but often do not 
suffice for a thorough evaluation of pulmonaiy function. Let us consider a 




















Fig. 3.—^^'entilation insufficiency, fit for operation. 

H. H., a 41-year-old man. Bilateral cavitary disease was discovered in 1934. Artificial 
pneumdthorax was maintained from 1935 to 1939 on the right and from 1936 to 1942 on the 
left. The left pneumothorax was reestablished in 1943. Subsequently, there was bilateral 
impairment of diaphragmatic mobility with moderate ventilation insufficiency. The cavit^* 
in the right lung recurred and slowly increased in size. After re-expansion of the left lung 
and preliminary P.A.S. and streptomycin medication (A), two-stage thoracoplastv with ex¬ 
tensive apicolysis was performed in August and September, 1949. Extrafasciai pneumothorax 
was maintained in the apicolysis space for three months. The patient is now managing hi-? 
iron-plating works and has no appreciable dyspnea on moderate exertion (B). Double ex¬ 
posure on maximal inspiration and expiration with grid (Birath & Kallqvist) shows the 
movements of the diaphragm (C, V). 
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patient ^vitil very limited respiratory reserves: it the pulmonary disease is 
unilateral, even if the lung appears to be totally destroyed by, e.g., a tuberculous 
process, or by neoplasmic occlusion of the main bronchus, the decision is not 
difficult. Total thoracoplasty or pneumonectomy will produce only temporary 
functional disturbance, with a subsequent return to approximately the preopera¬ 
tive level. But if pulmonary and/or pleural anomalies are present bilaterally, 
it may be impossible to decide bj’’ the above tests which lung has the better func¬ 
tion. In such a patient, the function of each lung must be investigated separately 
(see Fig. 4). Should it be found that the lung requiring surgical treatment has 
the better function, we must act verj'^ cautiously or omit operation. But if the 
reverse is time, the decision is easily made, and we may proceed with confidence. 

The main indication for bronchospirometry, therefore, is limitation of func¬ 
tion by bilateral disease, most commonly tuberculosis. With some experience, 
it is not impossible to make a rough estimate of the function of each lung in 
relation to the total. Radiographs, fluoroscopic examination, double exposure 
in maximal inspiration and expiration give valuable help. But as even very 
experienced investigators may’’ make mistakes in such patients, we are convinced 
that it is wiser not to evaluate roughly, but to investigate fully the pulmonary 
function. 

We use the Bjorkman double spirometer, which consists of two Knippiug 
spirometers fused into one instrument, with a common Kymographion. There 
are no valves in these spirometers, but the circulation of gases is ensured by 
means of motor-driven pumps. The flexible, double-lumen catheter used is of a 
new construction, devised by Carlens, our bronchoseopist. The lumen is wider 
than that of catheters previously in use. The catheter is introduced without 
the aid of fluoroscopy, and is provided with a small rubber hook that is auto¬ 
matically engaged by the earina. That this catheter permits the patient to 
breathe with very little resistance is amply proved by the fact that vital capacity 
is approximately the same with the catheter in situ as without it. 

In judging the results of brouchospii-ometry, it is necessary to bear in mind 
that the right lung is larger and consequently has greater ventilation and oxygen 
consumption than the left. The ratio is approximately 53 to 47. It is interest¬ 
ing to note, in eases of unilateral disease, that oxygen uptake on the affected 
side is not necessarily directly proportional to vital capacity and ventilation in 
that lung. Oxygen uptake is often less tlian expected. 

We consider oxygen the most important component to he determined, as 
carbon dioxide diffusion takes place mneh more easily, and is consistent in rela¬ 
tion to ventilation. But Bjorkman and Carlens have recentl}’^ shoyn—in in^’csti- 
gations compai-ing oxygen consumption during exercise with a high oxygen con¬ 
tent in the spirometers, and with atmospheric aii'—that the oxygen uptake of 
a diseased lung may be lower in atmospheric air than in oxygen. It is there¬ 
fore probable that we must, in future, provide oxygen to maintain a stable com¬ 
position of air in the spirometers. 

Complications arising from bronchospirometry are rare and would appear 
to be almost completely avoidable, provided that the patient ha.s little or no 



Fig-. 4 .—^Ventilation insufficiency, improved after decortication. 

E. K., a 41-year-old man, in 1943 was found to have bilateral apical infiltration with 
left cavity. L»eft artificial pneumothora:?: was att^npted but was abandoned because of ad¬ 
hesions. Left extrapleural pneumothorax was performed in 1944. A severe postoperative hem- 
orrhagre caused reformation of the apical adhesions. By the end of 1945, further refills were 
impossible. The lung was encapsulated in grossly thickened pleura (A), and the patient was 
dyspneic in the extreme. Double exposure on maximal inspiration and expiration shows verv 
limited movements of the diaphragm and chest wall (C). After preliminarv P.A.S. medica¬ 
tion. decortication of the left lung was performed in February, 1950, with great amelioration 
of subjective distress (B) and improved ventilation movements (D). 
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sputum and is in good general condition. The single case we have observed of 
acute spread of the tuberculous process to the basal parts of the lung was rapidly 
controlled by a course of combined para-aminosalicjdic acid and streptomycin. 

heart catheterization 

The more pulmonary function is scientifically explored, the more obvious 
becomes its integration with the right heart. So intimate are the two that they 
seem to constitute a functional unit. In healthy persons, increased blood flow 
through the lungs appears to he ensured by the opening of a large number of 
reserve capillaries: these are closed in the resting state, but during exercise the 
active area of the Amscular bed may increase ten to twenty times without sig¬ 
nificant rise in blood pressure. In diseases affecting the pulmonaiy blood-vessels, 
e.g., emphy^sema and tuberculosis, the area of the pulmonary vascular bed is 
reduced and the pressure in the minor circulation consequently^ increased. If 
the strain on the right heart becomes excessive, right cardiac insufiiciency de¬ 
velops, with its characteristic dy’^spneic attacks, often in the almost complete 
absence of other sy'^mptoms of cardiac failure. 

In order to avoid this right cardiac involvement, we have commenced pre¬ 
operative registration of the pressure in tlie right pulmonary^ artery; catheter¬ 
ization is performed witli the technique in common use. The fullest information, 
seems to be obtained if some form of graded exercise is undertaken during the 
test so that the pressure reaction inay’^ be observed. This method is carried out 
by Hansson at Sabbatsbergs Hospital. It is too early as ymt to estimate the 
significance of the procedure and to give normal values, but theoretically it ap¬ 
pears to be most valuable. 

Now that chemotherapy'' is so extensivel.v used, moi’e and more tuberculous 
patients come into the category of “arrested disease,” even advanced cases with 
persistent cavities. Maiiy^ of tliese patients have had tuberculosis for many^ 
years, and have greatly' reduced pulmonary parencliy'ma. There is also con¬ 
siderable cardiac strain, and it may' be difficult to decide if more may' be added. 
In these patients, as well as in emph.v.sematous subjects, the determination of the 
circulatory' reaction during exercise must be of the utmost value. 

sum MARY' 

To obtain widened indications for pulmonary' surgery in patients who, be¬ 
cause of impaired function, rvould othenvise be deemed unfit for operation, 
pulmonary function should be evaluated by' analy'sis. 

The writers differentiate between: (1) ventilation insufficiency, which arises 
from bronchial anomalies or reduced costal and diaphragmatic mobility'; (2) 
parenchymatous insufficiency, quantitative (loss of parcnchynna), or qualitative 
(impaired diffusion of gases); (3) insufficiency of the pulmonary circulation. 
(blockage or shunt). 

The routine methods employed b.v the writers are: (a) Badioloyical exam- 
'nation with registration of the movements of Ihe diaphragm and thoracic cage. 
”b) Spiromctric investigation, which includes the total lung volume and its 



BIRATH AXD CRAFOORD: FUXCTIOK TESTS IX PULMOXARY SURGERY 


423 


subdivisions and the maximal ventilation capacity. Special importance is at¬ 
tached to the relationship between the residual and total capacities and between 
the equilibrium and total capacities. Disparity in these relationships often 
heightens with increasing dyspnea, (c) Bronchospirometry, which is performed 
when other investigations show significant impairment of tofal lung function, 
(d) Ill certain cases, catheterization of the lyulmonary artery, to determine the 
pressure at rest and during exercise. 
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NOCARDIOSIS 

Report of a Single Case With Recovery 

Richard G. Connar, M.D., Thomas B. Ferguson, M.D., 

Will C. Sealy, M.D., and Norman F. Conant, Ph.D. 

Durham, N. C. 

I N REVIEWING the literature, there are strikingly few eases of Nocardiosis 
reported, and the diagnosis in the great majority of cases ivas made either 
at autopsy or in the late stages of the illness. With the exception of a single 
case of Madura foot cured by amputation, only an occasional recovery has 
been reported, and those have occurred since tlie advent of sulfonamides. 

Noeard^ described an acid-fast sporothrix in 1888 as the cause of bovine 
farcy. In 1890, Eppinger^ isolated an aerobic gram-positive acid-fast actino- 
myces from a fatal ease of multiple brain abscesses and meningitis in man, 
describing this organism under the name Cladothrix asteroides. Since then 
the species of Actinomyeetes having acid-fast properties have been described 
under various names. Finally the aerobic acid-fast Actinomycetales not form¬ 
ing condia were placed in the genus Noeardia. Many species of acid-fast 
Nocardia have been described, but in 1939 Umbreit® reduced these to the status 
of strains or variants of Nocardia asteroides. The genera Nocardia and klyco- 
baeterium are eloselj^ related morphologically and culturally, but Drake and 
Henrici'* concluded (1943) in their paper that the allergy induced against 
iV. asteroides was specific, and that there Avere no cross reactions to tubercuhn. 

The first extensive reAderv of the literature on this subject was in 1921, 
when Henrici and Gardner^ collected twenty-six cases of acid-fast actinomyces, 
adding a single case of their own. The latter rvas a patient suffering from what 
appeared to be a pulmonary infection, Avho was treated ivith antigen, but the 
outcome was uncertain. Of the group of twenty-six cases there Avas only one 
recovery, and this Avas a patient Avith Madura foot aa'Iio recovered folloAving 
amputation. Since then single fatal cases liaA'e been reported bj’’ GoldsAVortliy^ 
in 1937, and Kessel and Goolden" in 1938. 

In 1944, BenboAv, Smith, and Grimson® of this institution revieAved the 
literature and reported tAvo noAv eases of N. asteroides Avith pulmonary and chest 
AAmll infections. Both of these patients AA'ere ti'cated successful!}' udth bed rest, 
surgical drainage, A’itamins, sulfonamides, and iodides. These Avere the first 
patients ImoAvn to have recovered, except for the prcAdously mentioned patient 
AA'ith aiadura foot. 

In 1945, Binford and Lane” reported a fatal case, the diagnosis being made 
at autopsy. In 1946, Kirby and McNaught'" added tAvo fatal eases and also 
revieAved the literature, stating that of the thirty-tAvo knoAvn. cases of N. astcr- 

the Division of Tlioracic Surperj' and Department of Bacteriolofjj- Duke Ho.spital. 
Sved for publication April 30. 1951. 
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Okies, tweuty-eiglit M'ere dead at the time tlie report was made. Their two eases 
brought the total to thirty-four, only three of whom were laiown for certain to 
have survived, and one of the latter was the case of iladura foot. 

In 1946, there were also reports of two single cases with recovery, one by 
Shaw, Holt, and Eay,“ and the other by Calero.’= The case reported by the 
former received penicillin, thymol, potassium iodide, sulfadiazine, and suigical 
drainage of an empyema cavity, while the ease reported by Calero apparentlj 
received sulfonamides and penicillin in the course of treatment. 

In 1948, Glover, Harrell, Heilman, and Pfuetze"^ reviewed the literature 
and added a case of a 26-year-old white male physician with an N. astcroides 
infection simulating puhiionarj* tuhereulosis. Their patient was successfully 
treated with intensive sulfadiazine therapy, whereas penicillin and streptomycin 
failed to control the infection. The authors stated that from studies carried 
out in their laboratories and elsewhere, sulfadiazine appeared to be the drug 
of choice in the treatment of Nocardiosis. 

In 1949, Hager, i\Iigliaecio, and Young'* reviewed the literature, and 
reported two additional eases. One was a 16-year-old schoolgirl with a pul¬ 
monary infection and empyema who was successfully treated by surgical drain¬ 
age and combined therapy with sulfadiazine, penicillin, and streptomycin. The 
second case was that of a 64-year-old woman with bilateral apical pulmonary 
lesions. N. asteroidcs was isolated from the sputum, and by studies in vitro 
was found to be inhibited by penicillin, aureomycin, and streptomycin, but not 
by sulfadiazine in levels feasible to obtain clinically. There was no follow-up 
on this patient. They emphasized that it was necessary to observe patients 
carefully for several v-eai’S for signs of recurrence. 

Tucker and Hirsch'^ also reviewed the literature in 1949 and added three 
eases of their omi, two of which terminated fatally. They mentioned that 
geographically the distribution of the aerobic tv-pe of Actinomycosis is world- 
uide, that there apparently is no occupational incidence, and that the disease 
appears to be fairly well distributed throughout adult life. They concluded 
that Nocardiosis should be considered in all patients ndth obscure or vmusual 
chronic infections, especially when repeated attempts to demonstrate the tubercle 
bacillus have failed. 


C.4SE HISTORY 

Case 1.—A. W., 0-82777. Tlus 37-year-old wlute tobacco farmer was referred to Duke 
Hospital on March 10, 1930, for investigation of a mass in the right lung field. One month 
prior to admission, because of fever, cough, and right anterior chest pain, he was admitted 
to his local hospital ulth a diagnosis of virus pneumonia. Roentgenogram of the chest 
showed a shadow in the right lung field. He was treated with penicillin without improvement 
or change in the roentgenogram picture, but it was stated that during his hospital stav he 
became afebrile. His cough was productive of approsimatelv 2 tablespoonfuls of biood- 
s reaked wlute mucoid sputum per day. There was an associaed 20 pound weight loss during 

feLTr V? appetite. Because of persistence of symptoms he was trans'- 

lerred to Duke Hospital for further investigation. 

The family liistory was of interest in that a sister had died tbiTtPor. , 

Witli pulmonary tuberculosis, and there was some question as to whether tlie paiientTmMher 
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had tuberculosis. The patient’s general health liad always been good, and Ids only recent 
illness had been a single attack of “malaria” in 1948. He had been obese all of his adult 
life, with his average weight being around 200 pounds and his weight at the time of ad¬ 
mission being 180 pounds. 

Physical Examination. —Temperature, 37° C.; pulse 80; respirations, 20; blood pressure, 
148/100. The patient was a well-developed, obese, cooperative .white man who did not appear 
ill. The examination was occasionally punctuated bj- a nonproductive cough. The skin was 
without lesions, and there was no lymphadenopathy demonstrable. Examination of the head, 
eyes, ears, nose, and throat was essentially normal. The trachea was in the midline, and there 
was no venous distention seen in the neck. The cliest was barrel-shaped, but was symmetrical, 
and there was no respiratory lag. There was dullness to percussion in the right lower lung 
field anteriorly and posteriorly. Over this same area there were decreased breath sounds 
and diminished tactile fremitus. No rales were heard. The heart was not enlarged by 
percussion. The rhythm was regular, and there were no murmurs. The abdomen was pro¬ 
tuberant, but there were no masses, tenderness, or rigidity. There was an easily reducible 
left inguinal hernia. The remainder of the physical examination, including rectal and 
neurological examinations, was essentiallj- normal. 

Accessory Clinical Findings .—^Hemoglobin 15.3 Gm.; white blood cells, 20,000; platelets, 
adequate. Differential: segs. 7G, stabs 5, jnv. 4, cosinophiles 2, l 3 -mphoc.vtes 13. Urine: 
pH 6.0. Specific gravity, 1.028. Protein and sugar, negative. Microscopic 0-1 white blood cell 
per high-powered field. No casts or bacteria. Posteroanterior stereoscopic and lateral films of 
the chest showed a density which seemed to be confined to the area of the right middle lobe 
(Figs. 1 and 2). Planigrams through this area revealed no cavities or discrete areas of calci¬ 
fication. Barium examination of the esophagus, stomach, and intestinal tract was normal. 
Cardiolipin test for sj’philis was negative. Old tuberculin skin test, 1:1000 dilution, was 
1 plus in 48 hours. Skin tests to blastomj-cin, coccidioidin, and histoplasmin were all negative. 
During the initial period in the hospital the patient brought up verj’ little sputum, the latter 
being mucoid in nature and containing no blood. Boutine cultures of the sputum grew Neisse¬ 
ria sicca, nonhemolj’tic Micrococcus aureus, a nonhemolytic Streptococccus, and Streptococcus 
viridans. Three concentrated sputum examinations were negative for acid-fast bacilli. Pa'O 
separate sputum specimens cultured for tubercle bacilli were negative. One examination of 
the sputum for fungi was negative, and one culture for fungi was negative. On another 
occasion a routine culture of the sputum grew out an aerobic actinonn-ces, which was 
considered at the time to be a nonpathogen and a contaminant. Bronchoscop}' revealed 
thick purulent secretions coming from the middle lobe orifice and narrowing of the middle 
and the lower lobe orifices bj- bronchitis. No definite tumor mass w as seen. Specimens for 
Papanicolaou .smears from the area revealed no tumor cells. Smears and cultures of the 
secretions for tubercle bacilli wore negative. A routine culture of the secretions a.spirated 
through the bronchoscope grew* an aerobic actinomj-ces in eight daj-s w-hich was thought 
at the time to be a nonpathogenic contaminant. 

Course in Hospital .—Throughout the fourteen-da.v period of observation and diagnostic 
surve.v the patient ran a low grade fever (37.5° to 38° C.) of the nonseptic tj-pe. He brought 
up little sputum until the fifth daj' after admission, at which time he was bronchoscoped. Fol¬ 
lowing this, the amount of sputum increased to betw-een 90 and 380 Gm. of mucopurulent 
sputum a da^-. During this preliminarv period he was treated with intramuscular penicillin 
300,000 units a daj- and penicillin aerosol 100,000 units three times a dav. At the end of 
a two w-eeks’ period no definite diagnosis could be made, so an explorator.v thoracotom.v was 
performed on March 23, 1950. At operation the pleural cavltj- was found to bo completely 
free without fluid. There was complete consolidation of the entire middle lobe, and an arc:i 
of involvement of the contiguous portion of the lower lobe measuring approximately 5 eu>- 
in diameter. There was no involvement of the upper lobe. On di.ssecting in the major and 
niinor fissures a thick, yellow, purulent material was encountered. It was the operator’s 
• nression that he was dealing with an inflammatory lesion rather than a neoplastic lesion, 
the etiolon-y most likely being tuberculous. A right middle and lower lobectomy was then 
erformed'^ The chest'was closed leaving two drainage catheters in place after i)enicillin 
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and streptoiuvciu Iiad been instilled. Postoperatively lie was treated witli a total of one 
g;Tain of streptomycin and 300,000 units of penicillin intramuscularly a day. An equivalent 
amount of the two drugs was placed in the chest each day. The postoperative course was 
complicated by collapse of the remaining right upper lobe, but with vigorous suctioning and 
coughing the lung re-expanded, and the course from then until the time of discharge on 
the eighteenth postoperative day was uneventful. The sections of the removed lung re- 
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had tuberculosis. The patient’s general health had alwa.TS been good, and Ids only recent 
illness had been a single attack of “malaria” in 1948. He bad been obese all of Ids adult 
life, with his average weight being around 200 pounds and his weight at the time of ad¬ 
mission being 180 pounds. 

Physical Examination. —Temperature, 37° C.; pulse 80; respirations, 20 ; blood pressure, 
IdS/lOO. The patient was a well-developed, obese,' cooperative .white man who did not appear 
ill. The examination was ooca.sionallv punctuated by a nonpr oductive cough. The skin wa.s 
without lesions, and there was no lymphadenopathy demonstrable. Examination of the head, 
eyes, ears, nose, and throat was essentially normal. The trachea was in the midline, and there 
was no venous distention seen in the neck. The chest was barrel-shaped, but was symmetrical, 
and there was no respiratory lag. There was dullness to percussion in the right lower lung 
field anteriorly and posteriorly. Over this same area there were decreased breath sounds 
and diminished tactile fremitus. No rales were heard. The heart was not enlarged by 
percussion. The rhythm was regular, and there were no murmurs. The abdomen was pro¬ 
tuberant, but there were no masses, tenderness, or rigidity. There was an easily reducible 
left inguinal hernia. The remainder of the physical examination, including rectal and 
neurological examinations, was essentially normal. 

Accessory Clinical Findings .—Hemoglobin 15.3 Gm.; white blood cells, 20,000; platelets, 
adequate. Differential: segs. 76, .stabs 5, juv. 4, eosinophiles 2, Ij-mphocytes 13. Urine: 
pH 6.0. Specific gravity, 1.028. Protein and sugar, negative. Microscopic 0-1 white blood cell 
per high-powered field. No casts or bacteria. Posteroanterior stereoscopic and lateral films of 
the chest showed a density which seemed to be confined to the area of the right middle lobe 
(Figs. 1 and 2). Planigrams through this area revealed no cavities or discrete areas of calci¬ 
fication. Barium e.xamination of the esophagus, stomach, and intestinal tract was normal. 
Cardiolipin test for syphilis was negative. Old tuberculin skin test, 1:1000 dilution, was 
1 plus in 48 hours. Skin tests to blastoniycin, coccidioidin, and histoplasinin were all negative. 
During the initial period in the hospital the patient brought up very little sputum, the latter 
being mucoid in nature and containing no blood. Eoutine cultures of the sputum grew Neisse¬ 
ria sicca, nonhemolytic Micrococcvs aurens, a nonhemolytic Streptocoeccus, and Streptococcus 
viridans. Three concentrated sputum examinations were negative for acid-fast bacilli. Five 
separate sputum specimens cultured for tubercle bacilli were negative. One examination of 
the sputum for fungi was negative, and one culture for fungi was negative. On another 
occasion a routine culture of the sputum grew out an aerobic actinomjmes, which was 
considered at the time to be a nonpatliogen and a contaminant. Bronchoscopy revealed 
thick purulent secretions coming from the middle lobe orifice and narrowing of the middle 
and the lower lobe orifices by bronchitis. No definite tumor mass was seen. Specimens for 
Papanicolaou smears from the area revealed no tumor cells. Smears and cultures of the 
secretions for tubercle bacilli were negative. A routine culture of the secretions aspirated 
through the bronchoscope grew an aerobic actinomyces in eight days which was thought 
at the time to be a nonpathogenic contaminant. 

Course in Hospital .—Throughout the fourteen-day period of observation and diagnostic 
survey the iiatient ran a low grade fever (37.5° to 38° C.) of the nonseptic type. Ho brought 
up little sputum until the fifth day after admission, at which time he was bronchoscoped. Fob 
lowing this, the amount of sputum increased to between 90 and 380 Gm. of mucopurulent 
sputum a day. During this preliminary period he was treated with intramuscular penicillin 
300 000 units a day and penicillin aero.sol 100,000 units three timc.s a day. At the end of 
a two weeks’ period no definite diagnosis could be made, so an e.xploratory thoracotomy was 
performed on Jlarch 23, 1950. At operation the pleural cavity was found to be completely 
free without fluid. There was complete consolidation of the entire middle lobe, and an area 
of involvement of the contiguous portion of the flower lobe measuring approximately 5 cm. 

‘ diameter. There was no involvement of the upper lobe. On dissecting in the major and 
minor fissures a thick, yellow, purulent material was encountered. It was the operator’.s 

ss'm that he was dealing with an inflammatory lesion rather than a neoplastic Ic.sion, 
impress^i^^^^ tuberculous. A right middle and louer lobectomy was then 

tlic e 10 j.pejt'was closed leaving two drainage catheters in j)lace after penicillin 
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aad streptoniTcin had been instilled. Postoperatively he tras treated tvith a total or one 
gram of streptomycin and oOO.OOO units of j>enicillin intramuscularly a day. An equivalent 
amcnnt of the two drugs was placed in the chest each day. The postoperative course was 
complicated hy collapse of the remaining right upper lobe, but with vigorous suctioning and 
coughing the lung re-expanded, and the course from then until the time of discharge on 
the eighteenth postoperative day was uneventful. The sections of the removed lung re- 
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vealed the middle lobe to be replaced by an indurated atelectatic parenchyma within 
which were noted multiple small foci of pale white areas containing a creamy-like ma¬ 
terial which grossly resembled caseation necrosis. Microscopic sections were characterized 
by a chronic inflammatory response consisting chiefly of ■l 3 Tnphocj’tes and macrophages. 
In some regions the macrophages were loaded with fats. No characteristic granulomatous 
foci were encountered. 6rram stains of the sections were not done. The lesion in the pathol¬ 
ogist’s opinion most closely resembled a chronic unresolved pneumonia in the nature 
of a lipoid pneumonia with multiple small abscess formations. The patient was dis¬ 
charged from the hospital on April 10, 1950, to be follorved in the Out Patient Chest Clinic. 

Second Admission; April SS, 1950. In the three-week interval during which the pa¬ 
tient was home he did well imtil seventy-two hours before the second admission, when he 
developed an intermittent severe pain in the right chest and a cough productive of a small 
amount of white mucoid sputum accompanied by a mild headache and temperature elevation. 

On admission the temperature was 40“ C., respirations 35, pulse rate 100, blood pressure 
140/90. He appeared acutely ill, and there was a slight cj'anotio tinge to his lips. His skin 
was hot and moist. Examination of the ej’es, ears, nose, and throat was as on the previous 
admission. The trachea was in the midline. There was a well-healed anteroposterior 
thoracotomy scar over the lateral aspect of the right chest. There was no redness or fluctua¬ 
tion in the operative sear. There was a dullness to percussion which changed to flatness 
from above to below over the right chest anteriorly and posteriorlj'. Breath sounds were 
absent over the right lower chest. There were a few rhles at the right apex. The left chest 
was clear. Examination of the heart and abdomen was not remarkable. There was no calf 
or thigh tenderness, and the remainder of the physical examination was essentially normal. 

Accessory Clinical Findings. —^Hemoglobin, 10 Gm.; white blood cells 12,500. Differen¬ 
tial; seg. 82, stabs 2, juv. 1, monocj'tes 3, lymphoejdes 12. Urine showed no protein or 
sugar. Microscopic: 32 white blood cells per high-powered field, no casts or bacteria. Roent¬ 
genogram of the chest on the night of admission showed a haziness over the entire right lung 
field. Blood cultures revealed no growth. 

During the first five daj's in the hospital the patient ran an extremely septic course, 
with temperature spikes to around 39.5° C. each daj-. This occurred in spite of two grams 
of aureomycin and 150,000 units of penicillin aerosol per day. Thoracenteses were done on 
several occasions without obtaining anj- fluid. On the fifth hospital day an abscess pocket 
was found in the sixth interspace posteriorly, and 15 e.c. of thick, purulent material were 
aspirated. On the following day the patient was taken to the operating' room, and a large 
empj’ema cavity was drained. Because of the consistency of the purulent material, which 
was almost semisolid in nature, azochloramid irrigations to the empj’ema cavity were 
started. However, the patient continued to run a septic course with temperature elevation 
to above 39° C. each day for the next five daj's. Tlien the patient developed a draining sinus 
at the site of a previously made wound where an intercostal catheter had been located. This 
tract was further opened and a second empyema cavity drained. 

The acid-fast cultures of tlie material aspirated from the posterior empyema cavity 
were negative. On routine culture the plate was again overrun by an aerobic actinomyccs 
which was thought to be a contaminant, but in view of its abundance suspicions were 
aroused, particularij- since material obtained from both of the empyema cavities at the time 
of drainage grew a pure culture of this fungus. Material from each of these empyema cavi¬ 
ties was turned over to Dr. N. F. Conant of the Mycology Department who identified the 
organism as Nocardia asteroides. Several fresh preparations of the material were negative, 
but on Gram stain, gram-positive branching filaments could bo identified. There were no 
other organisms obtained from either empyema ca-i-ity. Identification of the organism was 
made by the ninth hospital day, and the patient was started on 2 Gm. of sulfadiazine per daj'. 
Due to an error this was continued for five days, and had no effect on the patient’s tempera¬ 
ture On the fourteenth day the mistake was discovered, and the dose was increased to 1 
Gm each of sulfamorazinc and sulfadiazine every four hours, amounting to a total of 12 
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Gm. of sulfonamide per day. The urine ^as alkalinized with molar lactate solution and fluids 
were forced to 4000 c.c. per day. On the day following, the maximum temperature was 
3S.3° C., the first time since admission that it had not risen to 39® C. or above, ^^lthin four 
days the patient was afebrile. On this dosage of sulfonamide he gradually developed a 
microscopic hematuria, and the nonprotein nitrogen rose to 70 mg. per cent. For this rea-on 
the dosage of sulfonamide was cut in half, making a total of 3 Gm. each of sulfadiazine and 
sulfamerazine per day. Daily sulfonamide blood levels were done throughout the period of 
therapy, and the levels ranged from 17.5 to 25.2 mg. per cent, with an average around .-0 
mg. per cent. After reduction of the sulfonamide dosage the hematuria rapidly cleared, and 
the nonprotein nitrogen fell to normal limits. He was given several supportive blood trans¬ 
fusions. The drainage from the anterior empyema cavity rapidly ceased, and the drains 
were removed prior to discharge. The tube in the posterior cavity was withdrawn more 
slowlv. Durinsf the last sixteen davs of his hospital stay he was ambulatory and afebrile. 



Fi&. 5.—Gram-stained smear of the purulent material obtained from the empvema cavity 
at the time of surgical drainage. The gram-positive, delicate branching hj-phae of Xocardia 
Qsteroides are readily seen. 


He was diseliarged from the hospital on the twentr'-sixth hospital dav, lla-r 28. 1950, to the 
care of his local doctor for biweeklr changes of his surgical dressings, and biweeldv hemo¬ 
globin, white blood ceU, urine, and nonprotein nitrogen determinations. The same dosage of 
sulfonamide level was to be carried ont for at least a three months' period of time. 

Since discharge from the hospital the patient has been followed in the Surgical Out 
Patient Clinic at monthlv intervals. Each time he has continued to show improvement. The 
posterior catheter was gradnaUy removed during the month following discharge and the 
wound promptlv healed. A culture of the material from the sinus prior to its closure was 
negative for fungi. The nonprotein nitrogen and white count have been within^ normal 
limits on each occasiom The urine has shown no red ceUs. The sulfonamide level was 11 
mg. per cent. The hemoglobin has ranged around 11 grams. The patient has gained in 
strength and weight. On Sept. 0, 1950, he developed a pain in the right lower quadLt wi^ 
fever and elevation of his white count. He was taken to another hospital wherrunder spinal 
ane=.hesia an appendectomv was performed. The operator -dated that the ^ ’ 

ucntelv i.aSnmea without evidence of chronic granulomatous prSe^ xt AiT 

, 1 . 
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The patient was kept on sulfonamide therapy from May 3, 1950, until Oct. 7, 1950, 
a total of fire months of therapy. Since the discontinuation of drugs the patient has con¬ 
tinued to do well and has had no complaints. 

He was last seen in the Out Patient Clinic, April 12, 1951. The thoracotomy and 
empyema drainage incisions were well healed, and his chest film showed no evidence of ac¬ 
tivity of the old disease process (Figs. 3 and 4). He had gained approximately 80 pounds 
and had no complaints. 

JIYCOLOGY 

Cultures of Nocardia asteroides were obtained from sputum, from secretions obtained 
fay bronchoscopy, from lung tissue obtained at lobectomy, and from pus obtained from the 
posterior empyema cavity. The first isolations were thought to be contaminants because of 
the somewhat white chalky surface of the colonies and the slight earthy odor of the cultures 
which are characteristics of the aerobic soil actinomycetes, Sfreptomyees sp. When gram- 
stained and aeid-fast stained smears of the material from the empyema cavity were ex¬ 
amined, however, they revealed gram-positive and partially acid-fast, delicate, branching 
hypiiae 1 micron in diameter (Fig. 5). Since such an appearance is characteristic of 
Noccirdia asteroides, all cultures were re-examined and found to be consistent with this 
diagnosis. 

Growth developed on blood agar plates at 37“ C., in four to six days, as small, dry 
white chalky colonies with a slight earthy odor. On Sabouraud's glucose agar at room 
temperature (Fig. 6) the granular colonies produced an orange pigment with a thin powdery 
white surface. Microscopically, the culture was composed of long, delicate, branching hypkae 
1 micron in diameter. When smears wei’e made for Gram stains, the liyphae were seen to 
break up and appear as gram-positive bacillary elements. The fungus was also found to he 
partially acid-fast. 

Two guinea pigs were inoculated intraperitoneally with heavy saline suspensions of 
colonies from Sabouraud's glucose agar slants and were sacrificed in two and three weeks, 
respective!}'. Few lesions were seen in these animals, and the organism could not be demon¬ 
strated by stained smears of various organs or peritoneal fluid. The organism was cultured, 
however, from a lesion in the liver of one of the guinea pigs. A third guinea pig Yas 
inoculated with a heavier suspension of the organism, and was found dead at the end of ten 
days. The peritoneum was studded with numerous, small, caseous nodules, and there were 
numerous enlarged mesenteric lymph nodes, which on sectioning were seen to contain yellowish 
white purulent material. Gram stained smears of the latter revealed N. asteroides. 

PATHOLOGY 

All of the sections of the involved lung were reviewed. There was a variety of in¬ 
flammatory reactions, the most prominent of these being a chronic inflammatory response 
consisting chiefly of lymphocytes and macrophages. The overlying pleura was thickened, 
congested, and edematous, presenting the picture of an acute fibrinous pleurisy with many 
poh'morphonuoloar leucocytes in tlie subpleural connective tissues. Less conspicuous were 
areas of fibrosis in which there were giant cells and lymphocytes. Changes in the alveolar 
pattern of the lung varied from place to place, depending upon whether the predominant 
inflammatory response was acute or chronic. In the acutely involved area, the earliest 
changes seen were those of hyperemia and edema with a few poiymorplionucloar leucocytes 
in the alveoli. Tlie next change seen was that in which the alveoli were plugged witli masses 
of polymorphonuclear leucocytes and small amounts of fibrin. If the process continued, the 
end result was the formation of numerous abscesses composed of polymorphonuclear ieucocj-tes 
in all forms of preservation, fibrin, and tissue debris. Some of the abscesses communicated 
with broneluoles, and where this was seen the broncliiolar wall adjacent to the abscess was 
necrotic the lumen being filled with polymorphonuclear leucocytes. In other areas tlie inter¬ 
lobular ’septae were thickened, and the alveoli wore filled with edema fluid and contained 
nianv laroe foamv macrophages, lymphocytes, and pol.rmorphonuclear leucocytes. Jlany of 
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the alveolar walls themselves were tliickened and contained scattered lymphocytes. About 
the previouslv mentioned areas of abscess formation there was a limiting zone of den^e 
fibrous tissue'containing chronic inflammatory cells. Occasionally, evidence of an organizing 
pneumonia could be seen. 

The offending organism could not be seen in ordinary hematoxylin and eosin prepara- 
tions. Bacterial stains made on the tissue sections after the diagnosis had been established 
TCTealed the presence of delicate branching niycelia 1 micron in. diameter ■which were gram^ 
positiYCj but were not easily detected by the unexpectant eye (Fig. 7). Ziehl-Xeelson stains 
revealed the organism to be weakly acid-fast with a tendency to take up the methylene blue 
counterstain in the tissue sections. 

The pathologic findings differed from tuberculosis in that there were no epithelioid 
tubercles or caseation. 



C.—Culture of Xocardia asteroides grown on Sabouraud's grlucose agar at room temperature 

for five weeks. 


TREAT3IEXT 


As previously mentioned, of the reported cases of Nocardiosis definitely 
knovvn to have survived, with the exception of the ease of Madura foot, all 
received sulfonamide therapy in one form or another in conjunction with other 
forms of treatment. Hager and associates” reported a case of a 64-year-old 
woman with bilateral apical pulmonary lesions and a chronic productive cough 
asteroides xvas isolated from the sputum as the predominating organism on 
^ sensitivity tests revealed this particular strain to 
be inhibited by penic-min. aureomycin, and streptomycin, but not bv suKadiazine 
Apparently no further tests were made with other sulfonamides' There is no 

loUov^np on this patient, and it is merely stated that she mas afebrile dnrhnv 
a short period of observation. 
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Strauss and associates/® in their report on the chemotherapy of Actinomy¬ 
cosis and Nocardiosis, did in vitro studies on ten different strains of Nocardia 
asteroides with fourteen chemotherapeutic agents. The greatest inhibition ivas 
seen with aureomycin, chloramphenicol, terramycin, lilyvizone, and N,N-bis 
(thiocarbamyl) hydrazine. Sodium sulfadiazine was only moderately effective 
in vitro against all of the strains tested. On the other hand, when animal pro¬ 
tection tests were used, sodium sulfadiazine afforded almost 100 per cent pro¬ 
tection, while the above-mentioned chemotherapeutic agents gave only partial 
protection. 



Fiff. 7.—Gram stain of a tissue section from the involved lung. Short gram-positive hypin'® 

can be seen. 


In our case in vitro sensitivity tests were not done. Following large doses 
of sulfonamides the patient became afebrile in four days. Sulfadiazine and 
sulfamerazine were used jointly^ rather than one or the other in hopes of 
lessening the chance of renal complications in view of the large dosage of sul¬ 
fonamides deemed adequate for treatment. We strove to maintain blood levels 
ranging around 20 mg. per cent while the patient was in the hospital and felt 
that it was quite important that tlie patient be kept on sulfonamide therapy 
for sevmral months. Needless to say, patients under this vigorous regimen 
of sulfonamide therapy must be watched closely for renal complications and 
leucopenia. 

During this patient’s hospitalization he received large doses of parenteral 
penicillin, aerosol penicillin, and streptomycin and aureomycin at one time or 
another, none of which had a specific effect on the temperature curve. He also 
received accessory vitamins and iron. Surgical drainage undoubtedly was an 
essential part of his treatment. 

Of the forty-two cases of Nocardiosis reported in the literature through 
1949 excluding the case of Sladura foot, only' seven can be considered clear-cut 
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fxanplis of revoverv. This is ihe tliird case to have recovered at this iiistit'a- 
rl;-;.* ard hrincs tiae total to eight recoveries of forty-three reportc-d eases. 

COttCI.L'StOCCS 

I. The literature is revietved. There are strikiitg]\' fetv easc-s of Xocardiosis 
lepertei This is raost likely dtte to failure of recognition of inan^- eases. 

i The case of a o7-year-oid white man who tvas explored for a possible 
pabteraty neoplasm and snbseqnentlj' found to have Nocardiosis is reported, 
tae patient survived follotving drainage of an empyema cavity and intensive 
snlfcnanude therapy, and is living and well one year later. 

o. Nocardiosis is caused by -Voeardfa osferofdfs. an aerobic, gram-positive, 
parnally acid-fast actinomyc-es. The mj'cology of tins case is discusses.!. 

.. ~ ^^‘“'-■'i'-''pcally one sees both an acute and chronic intiammatory reaction 
"tach diners irom tuberculosis bv the absenc-e of enithelioid tubercles and 
creation. 

P 0i lorty-three cases of Nocardiosis reportCs! in the literature (.including 
thh case) only eight can be considered clear-cut examples of recovery. Three 
ihe latter have been reponed from this institution. Of those recovering all 
iwired ralfonamide therapy in one fonn or another. It is essential that these 
hsuents receive adequate dosage of sulfonamides and apparently be maintained 
cn dierapy for four to sin months. 
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PULMONARY RESECTION FOR HISTOPLAS3IOSTS 
A Case Report 


Otto L. Bettao, M.DA 
Chicago, III. 


G reat interest lias been manifested in histoplasmosis in recent years. 

The discovery of a useful skin test for this infection has revealed 
its widespread prevalence in the lower Mississippi Valley Basin. The vast 
majoritj'' of persons with a positive skin test are apparently normal with only 
some pulmonary calcifications remaining as evidence of the obsolete infection. 
At the other extreme there have been described a small number of highly fatal 
eases of disseminated histoplasma infection. Between these two extremes 
there have been noted a small number of patients, usuallj^ children, with early 
infiltrations due to histoplasma. These have usually cleared without evidence 
of serious illness. The case to be described below does not fit into any of the 
above categories. It is, therefore, felt to be of interest, particularly since it 
may easily be confused with pulmonary tuberculosis. This is also one of the 
earliest diagnosed cases to be treated by pulmonary resection. No review of 
the literature will be given here since this has been adequately covered in 
recent publications.^ 

CASE REPORT 


Mrs. M. T., born in 1914, had resided most of her life on farms in Ohio and Illinois. 
Her past history was noneontributory. The present illness apparently began in April, 1948, 
with a sore throat which persisted for about two months. This was followed by rhinitis and 
sinusitis for two weeks. These subsided and were promptly followed by evidence of lower 
respiratory infection with cough. In July, 1948, she improved but continued to feel fatigued. 
By September the fatigue increased, she had more cough, and complained of pain in the chest. 
There was very little sputum, no hemoptysis, no night sweats. Her private physician referred 
her to the Livingston County Tuberculosis Sanitarium. Physical examination (Oct. 11, 
1948) was essentially normal, except for fever to 100° F. She ivas ambulatory and did not 
appear acutely ill. Ho definitely abnormal findings were noted in the examination of the 
chest. Eoentgenograms on admission showed abnormal densities above the riglit interlobar 
fissure and lateral portions of the right lung, extending upward to the clavicular level. There 
was some rarification noted suggestive of a motheaten tj-pe of cavitation. Mnntoux tests 
with tuberculin PPD first strength and second strength were negative. Bepeated searcli of tlio 
sputum for tubercle bacilli was negative. Gastric lavage specimen was negative for tubercle 
bacilli on culture and guinea pig inoculation. Sedimentation rate Avas 26 mm. AVeight uas 
115 pounds. Blood count lA-as AA'ithin normal limits. TJndulant fever and Kahn test ivcrc 
negative. The patient remained in the sanitarium until Jan. 24, 1949, w-ith considerable 
symptomatic improvement. She became afebrile and gained weight to 134 pounds. Films of 
the chest, hoAvever, revealed only slight improi’cment. Study of the patient was continued 
in. the outpatient clinic. A skin test was done with histoplasrain 1:1000 and found positir'c. 
Sputum specimens Avere examined for histoplasma capsulatum by the Illinois Department of 
Public Health and found to be positive on the folioAA-ing dates: Feb. 15, 1949, Feb. 24, 1949, 


Wnnoonfprj April 19. 1949, before a joint meeting of the Peoria jredical .Society anti 
lllnoisTruclcau Society. ^ 

Received for publication Maj 1951- 

• Tobereulosis Control Ofliccr, City of Chlcaso. anU Meclic.nl Lirector of tile Municlp 
uberculosis Sanitarium. Chicago. III. 
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April 27, 1949, and ,Sept, 1, 1949. Blood was examined for complement fixing antibodies bv 
Dr. Michael L. Purcolow of the U. S. Public Healtli >Service. This test was positive for 
histoplasmosis on March 30, 1949, April 19, 1949, May 1, 1949, August 8, 1949, and April 28, 
1950. In November, 1950 the test was negative. 

During her stay in tlie sanitarium the patient was treated with a course of penicillin 
daily for about one month. Streptomycin 1 Gm. daily was given from Februarj’, 1949, to 
April, 1949. In May, 1949, the patient was given aureomycin therapy 2 Gni. daily for about 
three weeks. Treatment had slight, if any, effect on the roentgenogram appearance of the 
lesion. Because of this, pulmonary resection was recommended. In February, 1950, a wedge 
resection of the lesion rvas done* at the Majm Clinic with uneventful recovery. Follow-up of 
the patient to the present time (March, 1951) reveals no evidence of recurrence. 

Description of specimen; The lesion measured 6 by 4.5 by 3 cm., and showed cavitation. 
Histoplasma capsulatum u-as cultured from the removed specimen. Histologically it was 
diagnosed chronic granuloma with cavitation. 



Fig-. 3 .—Roentfjenogram Oct. 27, 1950, following resection. 


DISCUSSION 

It lias become obvious that infection ivitii liistoplasma ea])sulatum may 
have several different manifc.stations. TJie commonest of these is the presence 
of a jiositive skin reaction to lii.stoplasmin. Varying pereenlages are found 
east of the Eockies, reaching a peak of 80 per cent of pcr.sons living in 
the vicinity of Kansas City. A large proportion of tho.se per.sons show 
multiple pulmonary calcifieatious, frequently larger in size tlian those associated 
with primary tuberculous lesions. A careful search for flie .stage of flie disease 

•By Dr, O. Thoron Clngett. 
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■sniicli precedes these caleificRtions has revealed that it takes the form of small 
pulmonary infiltrations, frequently subclavieular, and tistially uithotit clinical 
symptoms. These infiltrates have usually been found in children, although it is 
probable that they occur in adults also, but are frequently overlooked. Another 
lonn of the disease consists of that in ■which there is dissemination to numerous 



—Photograph of gross specimen. resecteO February. 1950. 



^Jf^ially fatal. ThfdiagnlaLMs'Llmiv 

tuberculosis. ‘ and is easily mistaken for pulmonarv 
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It appciirs llicn (lull llio life eyrie of lii.stoj)lasm!i eapsiilatiiiii infection 
rcsomhics that of ))iilii)oiiary tiibcreiilosis very closely. It l)ej.n'iis with pulmonary 
infill rat ioii.s which are asynij)lon)alic, frc(|neiiliy healin<r with calcifications, thus 
I'oseinblinii' priniaiw tnhcrcnlosis. Jleinfcclifni.s later in life may take the form of 
isolated oj-fran histoj)la.smosis .such ns the j)iilmonary lo.sion de-scrihed in this 
[laper or the disseminated and hi<rhiy fatal form, thus afrain resemhlin" some of 
the adnlt tyjie of tnhercnlosis. 

The diagnosis in this jjatienl was aided hy the fact that the patient had a 
ncfrative tiihercidin test. It was proved hy the j)resence of a positive liisto- 
pla.smin test, the repeated findin<r of hisloplasma cap.milalum in the .sputum and 
the presence of the comi)lenicnt fi.valion reaction in the blood serum. It was 
verified hy culture of the oi-franisins from the sur<rieal specimen. 

nru<r tlici'apy was unavailinfr. and up to the i)rc.scnt time no drug has been 
de.seidhed which has any marked effect uj)on this organism. This renders the 
treatment hy means of i-csccfion the only therapy at our command at present. 

This case accents the importance of making a careful diagnosis in patients 
who have lesions roseml)ling pulmonary tuberculosis. Any patient who has a 
negative luhcreulin test must he i>rcsunied to he nontuhercidous. Failure to 
find tubercle bacilli after adeejuate search should be a warning to look thoroughly 
for other di.sease. 

CO.VCUT.SION 

A ease of a rarely do.scidbod tyi)c of histo})lasmosis. diagnosed prior to 
siu'gery, i.s })re.senled. This was a destructive isolated pulmonary lesion ap¬ 
parently cured by pulmonary resection. The diagnosis was proved by the histo- 
plasmin skin test, the pre.sence of bi.slopJa.sma eapstdalum in the sputum re¬ 
peatedly, and the finding of positive complement fixation reactions in the serum. 
The organism was also found in cultures from the surgical .specimen. This }s 
believed to be one of the earliest ca.scs to be diagnosed pi'ioi' to planned surgical 
resection. 

I !un very gnitcful to Dr. JI. K. Dipliteiistoiii, Cliicf of the Mcdic.'i! Service of tlie 
Municipal Tuliereulo.si.s .Sanitarium of ChicaRO, for his iielp in preparing tliis manuscript: to 
Dr, Michael L. Furcolow, .Senior .Surgeon of the United .Statei; Public Dealtli Service, for 
laboratorj’ studies; to Dr. O. T. Clagctt of the .Surgical .Section of Mayo Clinic; to the 
Board of Directors of the Living.ston County .Sauatorium, Pontiac, Illinoi.';, for permission 
to use tliis material; and to the patient who has been mo.st cooperative. 
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THE PKOGXOSIS OF KESIDUAL BRONCHIECTASIS AFTER 
INCOilPLETE RESECTION 

George P. Rosemokd. iLD., AV. Emory Burxett, M.D.. and 
Joan Hcmphrey-Long. (by iNnxATiON) 

Philadelphu. Pa. 

O ne hundred ninety-four patients with bronehiectasis had pulinonarj’ re¬ 
sections in Temple University Hospital from 1936 through 1949. AYe have 
been able to follow adequately 159 of these one to fifteen yeais. The response 
of the patient to surgery is pretty well established ^vithiu six to twelve months 
after surgery, so %ve believe tliis follow-up study conducted by Dr. Long, u'ho 
specializes in internal medicine and therefore took no part in the operative 
procedure, is unbiased and accurate, and has prognostic significance. 

Since there is general agreement that bronchiectasis does not markedl.v 
influence longevity although it does impau- health, we operate m an effort to 
relieve annoying sjTnptoms and to make living more pleasant. The most im¬ 
portant, constant, and annoying symptom of bronchiectasis is cough with 
expectoration. To justify surgery completely we should be able to offer to the 
patient some measure of assurance that this symptom will be eliminated -with 
little or no risk to life and without producing or exaggerating dyspnea. The 
low mortality of lobectomy is well established. 

This paper concerns itself ^vith our successes, as well as our failures, in 
respect to cough with expectoration and. to a lesser degree, dyspnea. 


Table I. No CorcH —IIS Patiexts 


A. All disease removed (except in 14 patients) 

B. Presence or absence of dyspnea depends on 
pulroonarr function 

1. Adequate function 

Xo dyspnea—71 Patients 
Markedly impaired function 
_Dyspnea—i7 " Patients 


Read at the ThirtY'-first Annual Meetine of » 

Surgrerv, Atlantic City, X. April American Associatio 

From Temple University Hospital. 
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'I’Aill.t: II. (?oi'fiii Stii.i. Pi!i;.si:,nt—11 P.mik.vts 


A. All imve rpsidmil (li.‘!c:ipe 
Improvcf]—?.(i 

No better— 5 

B. Dy.sjmco is not correlated 
with function 


'r.Mii.i: III. Disiu.sn—P,\Tit:NT.s 



1 rATlEXTS I 

rEr.cENTAr.i: 

No cough or pyinjitonis 

Loss cough, but still 

11 

25.0 

present 

an 

05.5 

Increasing cough 

Total 

5 

0.0 

55 

100.0 


(UPPER LOBE 

^- Aptc/\u 

-■^POSr£/=HOR 

^DLE LOBE 

^Si,~~LATEHAU 


LOWER LOJ^ 

SUP£R/OR - 

Medial Basal -~k 
AnteriorBasaiM 
FOsTERtanS/mim 
Lateral Basal^ 


Segmental Bronchi 
OP THE Right Lung 


FifT. 1.—Tjatenil view of hronchoprani of normnl riciit lunfr flemonstratin/r each individual 

.scpmcntnl bronchus. 



Of the 159 patients adequately followed, 118 are free of cough. Only four¬ 
teen of these have any residual disease. In the patients with unilateral hronchi- 
cctasis, pulmonary ventilation studies were essentially unchanged by surgery. 
Many of the patients complained less about dyspnea when infection and sputum 
were eliminated. 

Forty-one patients still have some cough with expectoi'ation, although thirty- 
six of these are improved. All of these patients have residual disease, and cough 


Table IV. Patients with Residua i- Disease 



( patients I 

PERCENTAGE 

Bilateral bronchiectasis 

48 

87 

Unilateral bronchiectasis 

/ 

13 

Total 

55 

100 
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Fi?. 2A,—Bronchosram of richt lunsr precedinsr left loxrer lobe lobectomy as part of 

tilateral stase procedure- 
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is, ill most instances, proportionate to the degree of residual broncliiectasis. Also, 
M’ith residual disease, dyspnea is not correlated with ventilation, subjective 
complaints of dyspnea being out of jiroiiortion to the reduction in ventilation. 

Of the tifty-live jiatients with residual di.sease, 14 (25.5 per cent) have no 
coiigli or symptoms of any kind at the lime this study was compiled, altliougti, 
of couire, we do not k'liow Iinw long this will Iasi. 



ViK. 3.— (B.'W.) This Is nil example of a too viperous attonipt at savinp rmrmal 
Removal of one more .sepment on each siile ivoiiJd have eJimlnalerl coup!), anrl probabb* wouia 
have made little difference In ventilation. 


Of the fifty-five patients with residual disease, forty-eight had bilateral 
bronchiectasis, and only seven had unilateral bronchiectasis. Jlany of these 
patients have mild disease producing mild symptoms, but it is also likelj^ that 
we have tended to be overly conscientious in conserving lung structure when 
bilateral resection is anticipated. 

Thirty-nine (71 per cent) of this group of fifty-five patients had Icnown 
minimal disease on the opposite .side and furtlier resection is being considered. 


Table A'. Causes for Residual Disease 


1 

PATIE.Vr.S 1 

PERCENTAGE 

Known minimal disease on 
opposite side 

.IP 

71.0 

.Judgment at time of 

o 


surgery 



Faulty evaluation 



Total 

55 

100.0 
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Fig. 4,4.—(L.WJ Demonstration of poor filling of superior segment of the right lower lobe on 
bronchography. Se^'.enl was allowed to remain at surgery. 
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Tlirco (y.r) ])or cent) Jiave <li.sca.se remaining Iioeaiise it was considered 
better judgment to leave some less severely diseased lung than to chance remov¬ 
ing too much. Tliis judgment we now believe was faulty. It is suspected that 
patients who arc operated on bilaterally do tend to liavc reduced ventilation, 
although our sm-ie.s of Ibis type is so simill that we hesitate to he dogmatic about 
this. 

Thirteen {2.‘l.r> ])er cent) have n>sidual disea.se due to faulty evaluation. 



Fif,'. 5/1,— (F.H,) J?roncliopram of left lunp showinfr saccular bronchiectasis. 


These factors maj- contribute to incomplete resection. Since accurate 
surgery depends so entirely' on bi'onchogi’aphr', a faulty hronchogram should 
not be accepted. Bronchography should be so clear that each segmental 
bronchus can be identified and alveoli demonstrated (Fig. 1). 

Bronchograph}' should be done with the lung as free of secretions as 
possible. The preparations used will not displace secretions, and iodized oil 
is so slowl3^ absorbed that after one incomplete mapping with lipiodol, further 
evaluation is difficult. The water-soluble preparations now available have not 
proved themselves as jmt. The ones we have used have been so viscid that the.v 

Table VI. Reasons Usually Contributing to Residual Disease 

“ 1. Faulty broncliogram 

2. Uimitations of method of bronchography 
. 3. Attempted evaluation at operation 

4. Fear of removing "too much lung" 

5. Improper anatomical evaluation of segments 

6. Surgical technique__ 






ROSEMOND ET AL.: PROGNOSIS OF RESIDUAL BRONCHIECTASIS 


445 












44U 


THIC JOUKNAI. or THOKACIC SUliOEKY 


trj:-, 



7 7 .. 

V 





w. 




1-.- PR erw) Broncho&ram of right lung after surgery on left side. This side sl>o'''S 
Fig. ‘’®\,„/..pment but the patient was not relieved of symptoms until the disease uas 
?;:^?l^atld from thirVess severely affected right side. 
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do not fill the alveoli ivell. The rapid absorption of water-soluble prepaiations, 
which would allow rej)eated bronchography as often as necessaiy to determine 
the extent of disease, gives us hope that an improved preparation of this nature 
may be developed soon. AVe have learned to repeat lipiodol mapping in bilateral 
cases between stages to avoid being fooled by secretions (Fig. 2 J., B). 

Pig. 3 is an example of sha\'ing too close at operation. One more segment 
would have eliminated cough and would not have impaired ventilation. 

Fig. 44 shows poor filling of the superior segment of the right lower lobe. 
This segment was not removed at operation. Fig. 4B shows residual disease in 
the displaced superior segment. The patient's symptoms are in proportion to 
the amount of residual disease. 

Fig. 54-, B, and C demonstrates a case of saccular bronchiectasis in which 
palliative resection was done. There is residual disease present because we 
considered it poor judgment at the time to remove so much lung on one side 
in the presence of bilateral disease. Evaluation of pubuonaiy ventilation be¬ 
fore and after resection has led us to believe that this reasoning was erroneous. 
This patient, incidentall.v, has no sjuiiptoms. 

The patient whose films are shown in Fig. 6.4 and B had very little change 
in symptoms until the apparently less involved lobe was resected. She is now 
sjTnptom free. 

Since it is impossible to evaluate the extent of bronchiectasis at operation, 
preoperative bronchography must be accurately carried out. If e.xternal spi- 
i'ometiy and bronchospirometry are done preoperatively. one has a fairly good 
means of evaluating the function which can be expected postoperatively. Re¬ 
moval of all bronehiectatic lung is the only way to insure freedom from cough 
irith expectoration. 


DISCUSSION 


DR. J. H. tVALKEK, BrooLline, Mass.—I agree with the speaker tliat the total re¬ 
moval of the diseased tissue is necessary in the treatment of bronchiectasis if one is to 
obtain a good result; but also, to qualify that statement, one should conserve all normal 
pulmonary segments at the same time in order to achieve the maximum benefit. We have 
bad experience rvith the surgical treatment of 150 odd cases of bilateral bronchiectasis in 
the Overholt Thoracic Clinic, and it has been necessary to do bilateral surgery in onlv one- 
third of the eases. We have recently brought back a few of the cases for pulmonary func¬ 
tion studies to evaluate effects of bilateral segmental resection in severe bronehiectatic cases. 


(Slide.) These are four patients that have had extensive bilateral surgery; three of 
these I am sure could be classified as total respiratory cripples prior to surgery. Thev had 
severe cough with sputum averaging from one-half cup to two cups per day. They are now 
free of cough and purulent sputum. You will note in the first column the tot.al number of 
segments that were removed varied from seven to eleven. The girl who had eleven segments 
removed had segments removed from all five lobes. The percentage of predicted maximum 
ventilation postoperatively ranged from 4S to SI per cent for total pulmonary function! This 
vs a nice surprise, and is better than we had anticipated with bilater.al e.x'cisional therapy. 

(Slide.) This is a breakdown of the number of segments removed from each lun<- and 
also the differential bronchospirometry. There is a fairly close correlation here between the 
umber of diseased segments removed, the number of normal segments left behind, and the 
proponion of ventilation carried by each lung. This emphasizes not onlv the necessitv of 
enoving diseased segments, but also the preservation of all normal pulmonarv se-^nieiiVs ’ 
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Kos. r‘“' ■" »” ‘3- ft. 

Massachusetts Gejieral Hospital on J'Product of a recent study we have conducted at 
of brood,ice,.si. Zf SZ T'a^ it T"? 

tlicre were some eiriitr-soro. ' t- ^ ^ur records we find that in 1030-1940, 

made. Of tliis number fortr ^ admitted m whom a diagnosis of bronchiectasis was 

i. rt... .1.0 tf*!' >.« «»™ -VO. . 

present, but in wiiom for nno" * f Jn w lom the anatomic indications for resection were 
montli I Jmve been able to tr another, operation was not carried out. In tlie past 

health. Hour_and tin's seicnteen of these; of tlie seventeen, eleven are in e.vcellcnt 

W . t.an,enLTZulZ,^TZlZ p« mS.”" “ ” “ 

of the fact closing this discussion I simply want to remind us all 

by a little anah-sH often; that impressions gained are frequently dispelled 

in Lr roun wTo' 1 ‘T n"' ^ the nuLer ‘of paLnts 

palliative resection i ^ ^ "'^ald like to emphasize the value of 

involved as Dr any patients witli five lobes 

coiirao'e'liut se^raentaT"^ f ’’ave done; we have not had quite that much 

- -- -- -- 

South Africa who*^ia!i e.yamples of palliative resection was one young lady from 

lobe, and moderate to oa' ° n **ad very advanced disease in the left lower 

Her symptoms were de' ’■®“°''al of tbe left lower lobe and lingula 

and w™d P" -as quite worth while, 

and saccular certainly warrimts' °PPosi‘e side to that which is symptogenie 

demonstrated. We believe it mny°br7elT^ '’k Koseniond has 

warrant further attack x-'' _ observe those patients and see if symptoms 

residual disease ln,t'o fourteen of those patients, although having 

«-ii. "«'»“3- ”■* 



EADICAL PNEIBIONECTOMY 

WiLUAii G. Cahax, ]M.D. (by ijsVitatiox), AVilliaji L. Watson, jM.D., 

AND John L. Pool, M.D. 

NE^Y York, N. Y. 

"WHE purpose of this report is to submit data sliOA\-ing that a lung can he 
removed in a block dissection together u-ith most of its regional hEar and 
mediastinal lymph nodes. 

The technical steps and the clinical implication of the procedure to be 
discussed are based upon an experience of thirty-nine such operations suc¬ 
cessfully performed on the Thoracic Service of Memorial Hospital. 


DEFINITION 


The technique of lung removal for primary carcinoma of the lung has 
been described many times since the first successful one-stage pneumonectomy 
in 19o3.® However, although rapid progress has been made in the manage¬ 
ment of the complete physiologic and anatomic problems inherent in this pro¬ 
cedure, there remain several confusing and controversial features which re¬ 
quire clarification. 


In the literature the term, “pneumonectomy,” has been employed either 
alone or with the adjectives, “simple,” “total,” or “dissection.” These terms 
ave been used interchangeably and, as a consequence, there is some confusion 
as to whether an actual difference exists. When some of the hilar or medi¬ 
astinal lymph nodes have been included in the procedure, these have been 
a hided to for the most part in indefinite terms as to their location or whether 
ey were individually excised or taken en bloc with the lung.^= For over 
"■0 years we have been distinguishing the removal of a lung alone—or simple 
pneiimoneetomy—from cases in which mediastinal node dissection is included. 

urmg this time we have been impressed, in concurrence with the views ex¬ 
pressed by Allison^ last year, with the need for an inclusive term for the more 
ra leal procedure. It is suggested, therefore, that these operations for lun«- 
cancer be defined as follows: 


A simple pneumonectomy is the excision of the limg alone. 

A radical pneumonectomy is the excision of the lung in continuity with 
s regional lymph nodes located in the hilar and mediastinal areas, 
add 1 ‘'‘cljacent structures are included in the procedure they may be 
3 4 “ follows: e.g., a “simple pneumonectomy vith resection of'ribs 

' , and o or a “radical pneumonectomy with a partial pericardiectomv 
Ivmuhntin "malignant tumor en bloc uith its regio'nal 

ccrtn n established principle of cancer surgerv when 

_ “am circumstances exist: . 


Thoracic Surgical Service. Slemorial Hospital. 
S“mer.v; Ap"rn 


-Issociation for Thoracic 
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1. No distant metastases are discerniiile; 

2. No other form of therapy has any real value; 

3. The morbidity and mortality rate of the surgical procedure re¬ 
quired remains reasonabl 3 ’’ Ioav ; 

4. From experience, a high index of probability exists for present 
or future involvement by cancer of the lymphatic pathways to be 
excised ; 

5. If these Ijmiphatic areas are not resected at the time of the original 
procedure, they would be hidden within the body so that their 
future involvement by metastases would escape earlj^ detection. 

These are principles that have been applied to the treatment of cancers 
arising in the colon, stomach, and breast. 

It is known that the hilar and mediastinal Ijmiph nodes can become in¬ 
volved bj’’ metastases from a primary carcinoma of the lung. Oehsner® re¬ 
ported in 3,047 collected eases of carcinoma of the lung that these nodes were 
involved in 72.2 per cent. liis relative distribution of Ij^mph node metastases 
in 1,298 collected eases showed that 69.7 per cent were in the tracheobronchial 
group, 20.7 per cent in the abdominal, 17.4 per cent in the cervical, and 4.2 
per cent in the supraclavicular areas. 

Figures from Koletskj^’s" series of 100 autopsies support the fact that 
regional l^miph nodes are indeed the chief site of earlj’’ metastasis for most 
lung carcinomas. 

In consideration, then, of the traditional treatment of cancer for other 
sites and the asseniblj^ of pathologic facts as listed above, it would seem that 
ans’’ practice of plucking out a lymph node here and there "like raisins from 
a bun” in these areas should be discouraged if a method can be devised to 
excise them in continuity with the primary tumoi’. It is felt that bj”^ a rela¬ 
tively detailed anatomic and physiologic description of pulmonary Ij’-mphatic 
drainage, the possibility and techniques of such a block dissection will become, 
apparent and appear reasonable. 

LYJIPHATIC SYSTEM OF THE LUNG 

No article on Ijmiph node drainage should begin without a tribute to 
the excellent studies of Eouviere^® and it is strongly recommended that Ins 
original work be consulted for a more detailed and thorough account than 
that Avhich follows and which was derived liberallj’’ from it. Eouviere points 
out that even as there are different anatomic features to the contents of the 
right and left thoracic cavities, so are there variations in the Ijnnph node pat¬ 
tern and drainage on both sides. He defines several major divisions of node¬ 
bearing areas; mediastinal, peritracheobronehial, and intrapulmonary. 

JIEDIASTIN’AL LYMPH NODES 

The anterior mediastinal, or prevascuiar nodes, are placed in the superior 
portion of the mediastinum in front of the large blood vessels, which are con¬ 
nected wdth the heart. On the right side, the chain is placed in front of the 
superior vena cava and the right innominate vein in a pre-venous location with 
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one prominent node at the junction of both innominate veins. Lymioli nodes 
about the right phrenic nerve and inferior vena cava also drain into this path¬ 
way, terminating at the right jugulo-subclavian junction or the right lymphatic 
duct. 

The left anterior mediastinal chain is pre-arterial, or, more exactly, pre- 
aortico-carotid. It commences in a node of good size placed just in front of 
the ligamentum arteriosum. vhich rests on the left pulmonary artery. The 
pre-aortico-carotid chain (left anterior mediastinal chain) ascends between 
the phrenic and the vagus nerves, following chiefly the course of the latter 
nene. The nodes of this chain are placed from below upward, at first in front 
of and on the superior border of the aortic arch, then above this ve.s.sel on the 
anterolateral surface of the common carotid artei-y. Quite often a few nodes 
are placed somewhat medially along or a little in front of the right lateral 
border of the thymus gland. The left lymphatic mediastinal path terminates 
m the thoracic duct or directly into the jugulo-subelaman venous junction. 

The transvei-se anterior mediastinal chain nodes are placed along the 
superior and inferior borders of the left innominate vein and may form an 
anastomosis between the right and left mediastinal pathways, as well as be¬ 
tween the right and left paratraeheal chain of nodes. 

- The posterior mediastuial nodes are juxta-esophageal. Normally 2 to 5 
nodes are placed along the lateral borders of the esophagus at the level or 
somewhat below the inferior pulmonaiw vein and occa.sionaUy between the 
osophagus and the aorta. The greater number of the efferent ve.ssels from 
these pour their contents into the subcarinal (inter-tracheobronchial) nodes 
W'hile the rest empty into the thoracic duct. 


PERITK.iCHEOBKOXCIUAL XODE.S 

These include the paratraeheal nodes, subcarinal for nodes of the bifurca¬ 
tion). and the nodes of the pulmonaiw roots. Two principle chains of nodes 
ate present: the right and the left lateral or paratraeheal chains and a lew 
hiconstant retrotracheal nodes. 

a. Eight ,—The paratraeheal nodes are placed in a niche, the houndarr- 
01 which is as follows: in the front, the .superior vena cava and the right 
innominate vein behind, the right anterolateral surface of the trachea-, 
medially, the arch of the aorta and the innominate artery: above, the risht 
•suhclarian arteries surrounded by the right recurrent nerve: below, the arch 
of ihe vena azygos; laterally, the niche is closed by that part of the mediastinal 
ineura which extends from the .superior vena cava and the right innominate 

■'em lo the right lateral border of the trachea, and which is skirted bv the 
vagus nerve. 

!jo paratraeheal chain cousists of three to .sire nodes which 


mav 



v-u the most noste 
'■'hen it receiv 


.... - placed 

or: ann ns quite oiten remarkable for its .size, partir-ularl-^ 
ives a large Is-mphatic trunk coming from the nodes at the b'ifurca*- 
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tion. It rests immediately below the right subclavian artery but may 
insinuate itself partly behind this vessel. Above this node arise the nodes 
of the right recurrent chain. Generally, the lowest node of this right para- 
tracheal chain is the largest and is always found at the arch of the vena 
azygos, which in the majority of eases covers its lower pole, or actually the 
node may project over this vein. It has been called the "node of the arch 
of the vena azygos. ’ ’ 

Afferent and efferent lymphatics in this group form a very important 
ascending right paratraeheal lymphatic path, which is a continuation of the 
vessels which issue from the right lung, the right supra- and retrobronchial 
nodes, and from the nodes of the bifurcation. This path also receives directly 
some lymphatic vessels from the trachea, the esophagus, and the thymus gland. 
It terminates above either in the right lymphatic duct or in a separate entrance 
into the jugulo-subclavian angle. 

b. Left .—The left lateral paratraeheal chain conists of 4 to 5 nodes placed 
along the anterior and medial aspects of the vertical segment of the left re¬ 
current nerve, occupjdng a position along the recurrent nerve lateral to the 
left posterolateral border of the ti-achea, medial to the pleura and medial 
and posterior to the arch of the aorta and the left subclavian artery. They 
ascend in the left paratraeheal lymphatic path. 

The retrotraeheal nodes are placed behind the inferior part of the trachea 
on the path of the lymphatic vessels which unite the subcarinal nodes to the 
right paratraeheal chain. These are present in about one-eighth of the cases. 
Generally there is but one node placed a little above the tracheobronchial 
angle near the right border of the posterior surface of the trachea along the 
esophagus and the vagus nerve. 

SUBCARINAL NODES (NODES OF THE TRACHEAL BIFURCATION) 

This group occupies the intemml between the trachea formed by the 
divisions of its two bronchi and above the infei’ior pulmonary veins. There 
are usually 3 to 5 nodes which are fused in such a way as to have a mammih- 
form shape indicating an incomplete division of this node into smaller ele¬ 
ments. The total number of elements in it varies. These nodes are in contact 
with the inferior border of the trachea and the suprajacent bronchus. They 
even extend somewhat in front of the tracheal spur, and there is a bond of 
union between the subcarinal nodes and the inferior exti’emities of the para- 
tracheal chain. They are in relation with the pericardium in front and with 
the esoiihagus, vena azygos, and aorta behind. The efferent lymphatics from 
these nodes usually proceed to the right paratraeheal chain (rarely to the 
left pai'atracheal chain), and reach their destination and pass either in front 
of or behind the tracheobronchial tree. 

NODES OP THE PULJIONARy ROOTS 

A gi’oup of nodes is placed between the elements wliich make up the pul¬ 
monary root. They are listed as anterior, posterior, superior, and infei-ior, 
according to their position and relation to the re.speetive bronchus. They are 
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I«,.t if anterior in pre-venons. pre-arierial, and ^ 

The posterior nodes are found more frequently on e iig nf+pn on the 

Idt. The superior nodes, abont 1 to 3 in number, are found « 

left side. lie along the superior border of the bronchus, and h<thmdjhe left 

pulmonarr arterv. This chain is constant and ' X ™sel 

lateral tracheal. left recurrent chain of nodes by means of a lymphatic xessel 
rvhich passes below the arch of the aorta and the ligamentum arteinosum (F g. 
1). There is a node of the loop of the left recurrent nerve at this level 
^nstein attributes certain cases of paralysis of the le t leeurren 
tuberculosis of these lymph nodes. This might also he true when metastase 
are present, which burst the nodal capsule and ini ade the neri e secon an . 



Trj» ^s.re:sj; of th^ lun?-*. These are divided 
into kr'l The risrht Itms’ drains entirely up the ri?ht lympha¬ 
tic path-jrav' oZ the left lung- drain predominantiy to the subcarinal 

co-les knd*then*rp^th'^'r:p?.t Ivfnpr-at-'c pathway. Occasionally, they may also travel up the 
left Ivmphati'' -athr-aV, "iolnin? the dralr^^e frcm the superior section of the left Iiin^. 
(Xote’ that th^ are not ocnffned by mafor fissures,) X>rinker after Houviere. 


The ri'-.c'lei? of the inferior pnlmonEry ligament extend from 

just below the bronehTis to the diapihragm, and are found more often on the 
left tlian on the rixht .ride the latter in only 20 r»er eent of the eases aceordin" 
to Bouviere. , These drain to the ■ml^earinal nodes. 


Series are t>I 



it.'Tn.-ciu'Lj:o:-.'.tsv z : o : jk ~ 

filo.ng the broneho-arterial trees of eaeh lobe, and it is im- 
.e j/rinei|;ai r.ryy- draining o.ne ]oI>e group may rest against 
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Each lung has three principal lymphatic regions—superior, middle, and 
inferior (Pig. 1). These are not limited by tJie usual anatomic boundaries or 
major fissures. 

Eight Lung .—The superior lymphatic i-egion is represented by the antero¬ 
medial portion of its upper lobe. Its collecting vessels are tributaries solely of 
the right paratracheal nodes, particularly of the node of tlie arch of the vena 
azygos. The middle lymphatic region whicli includes the posterolateral region 
of the upper lobe, all tlie middle lobe, and the superior part of the lower lobe 
conveys lymph to both the right lateral tracheal and subcarinal nodes. The 
inferior lymphatic region comprises the inferior region of the lower lobe; tlie 
iinnph from this region is poured entirely into the subcarinal nodes. 

Left Lung .—The superior lympliatie region is comprised of the superior 
region of its upper lobe, the lymph collecting vessels of ivhich connect with the 
left paratracheal chain, the node of the ductus arteriosus with the left aiitero- 
mediastinal nodes and with the node of the loop of the left recurrent nerve. 
The middle lymphatic region includes the inferior region of the upper lobe 
as well as the superior and middle regions of the loiver lobe. The vessels 
terminate in part superiorly in the anterior mediastinal and left paratracheal 
nodes, and in part inferiorly in the subcarinal nodes. The inferior lymphatic 
region represented b 3 ^ the inferior part of the lower lobe drains to the sub¬ 
carinal nodes. 

Since the subcarinal nodes normaIl 3 '- conve 3 ' their efferent tymphatic 
trunks to the right paratracheal group, it follows that onl 3 ' the superior region 
of the left lung in its entiret 3 ', and the middle region of the same lung in part, 
divert their lymph into the anterior mediastinal and left paratracheal nodes, 
and thence into the left jugulo-subclavian confluence. The remainder of the 
left lung, part of the middle region, and the entire right lung are finally 
tx’ibutaries of its right paratracheal chain and the right jugulo-subclavian 
venous confluence. It becomes possible to foretell to some degree b 3 ' Avhich 
l 3 'mphoid echelon a lesion might progress, the exact seat of which in the lung 
has previousl 3 " been established. 

LYMPHATIC DRAINAGE OF THE LUNG 

Confirmation of Rouviere’s dissection and deductions is found in Drinker’s-’ 
report (Pig. 1). He cannulized separatel 3 ’^ the right lymphatic and the 
thoracic ducts in dogs. Carbon particles ivere then deposited carefully by 
bronchoscope in various segments of the lung and their reappearance in the 
l 3 "mph flow of the right or left cannulas noted. 

As might be anticipated from Bouviere’s work, ivhen the particles were 
placed in any segment of the right lung or in the lower two-thirds of the left 
lung, the l 3 miph emerging from the right cannula {x in Fig. 1) was colored 
b 3 ’ them, ivhile that from the thoracic yluct remained clear. Onfi^ when pai’ticles 
Avere deposited in the superior portion of the left upper lobe did they appear 
in the lymph issuing from the left cannula. 

These experiments have found clinical confirmation. It has been noted 
that metastatic hAunph nodes located in the right supraelaAdcular region just 
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lieliiiicl the clavicular head of the sternocleidomastoid muscle can be traced to 
lung carcinomas having .their origin in the right lung or in the middle and 
lower lymphatic regions of the left lung. In addition, the surgeon has a 
unique opportunity to observe at the time of exploratory thoracotomy, the 
intervening channels between a primary carcinoma and the highest apparently 
involved l.vmph node. This may be graphically demonstrated in the future 
even in unresectable cases when these areas are delineated by the use of ‘dyes 
according to the teclinicine of Weinberg and Greaney.’* 

Specimens removed by radical pneumonectomy with their lymph node 
groups intact and clearly marked so as to maintain their relative position will 
aid further in delineating the pattern of metastatic spread. 


Fig-. 



“■ side view of 


paratrachcal lymph nodes and superior mediastinal pleural 
incision. 


‘^i^ally, a careful study of metastatic lymph node involvement from 
■'■icled^' patients who have died of lung cancer has already pro- 

met^ t continue to provide a real aid in determining the flight of 

till- eoimeetion, Crafoord'* reported in his early articles at least 

»ione patients who had had rvhat was probably a simple pneu- 

cevealed residual metastatic Ivmph nodes located in the para- 

"aeheal regions. 

T 1 

licular ''’mdations in the pathways described above occur. In par- 

direefh- flie lower tAvo-thirds of the left lung may travel 

up the left side instead of by the more usual contralatei-al spread. 
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Each lung lias three principal lymphatic regions—superior, middle, and 
inferior (Pig. 1). Tliese are not limited tlie usual anatomic boundaries or 
major fissures. 

Bight Lmig .—The superior Jym])]iatie region is represented by the antero¬ 
medial portion of its upper lobe. Its collecting vessels are tributaries solely of 
the right paratracheal nodes, particularly of the node of the arch of the vena 
azygos. The middle lymphatic region ivhieh includes the posterolateral region 
of the upper lobe, all the middle lobe, and the superior part of the loiver lobe 
convej's Ijunph to both the right lateral tracheal and subearinal nodes. The 
inferior lymphatic region comprises the inferior region of the lower lobe; the 
linnph from this region is poured entirely into the subearinal nodes. 

Left Lung .—The superior lymphatic region is comprised of the superior 
region of its upper lobe, the Ijuniih collecting vessels of which connect with the 
left paratracheal chain, the node of the ductus arteriosus with the left antero- 
mediastinal nodes and with the node of the loop of the left recurrent nerve. 
The middle lymphatic region includes the inferior region of the upper lobe 
as well as the superior and middle regions of the lower lobe. The vessels 
terminate in part superiorly in the anterior mediastinal and left paratracheal 
nodes, and in part inferiorlj" in the subearinal nodes. The inferior lymphatic 
region represented bj^ the inferior part of the lower lobe drains to the sub- 
carinal nodes. 

Since the subearinal nodes normally convey’- their efferent Ijmiphatic 
trunks to the right jiaratracheal group, it follows that only the superior region 
of the left lung in its entirety, and the middle region of the same lung in part, 
divert their lymph into the anterior mediastinal and left paratracheal nodes, 
and thence into the left jugulo-subclavian confluence. The remainder of the 
left lung, part of the middle region, and the entire right lung are finally 
tributaries of its right paratracheal chain and the right jugulo-subclavian 
venous confluence. It becomes possible to foretell to some degree by which 
lymphoid echelon a lesion might progress, tlie exact seat of which in the lung 
has previously been established. 

LYMPHATIC DRAINAGE OF THE LUNG 

Confirmation of Kouviere’s dissection and deductions is found in Drinker’s-’ 
report (Pig. 1). He cannulized sepai-ately the right lymphatic and the 
thoracic ducts in dogs. Carbon particles were then deposited carefull 3 " b.v 
bronchoscope in various segments of the lung and their reappearance in the 
lymph flow of the right or left cannulas noted. 

As might be anticipated from Eouviere’s woi-k, ivhen the iiarticles were 
placed in any segment of the right lung or in the lower two-thirds of the left 
luno- the lymph emerging from the right cannula {x in Fig. 1) was colored 
by them, while that from the thoracic flnet remained clear. Onl.y when particles 
were deposited in the superior portion of the left upper lobe did they appear 
in the lymph issuing from the left cannula. 

These experiments hare found clinical confirmation. It has been noted 
that metastatic lymph nodes located in the right supraclavicular region just 
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Inferiorly, a horizontal incision follows the azygos vein to the phi-cnic 
nerve and thence inferiorly along this nen'c to the inferior pulmonary liga¬ 
ment. Posteriorly, the incision of plenra is just anterior to the azygos vein all 
the way to the diaphragm where it meets the anterior ineision. 



VJg, 4A.—Uichl 5Ulc: Ai>ox of beneath rlchl pijhcUvvinn arten.*. 
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In addition, with the choking of one node by metastasis, retrograde extension 
along pathways not ordinarily taken may occur. Skipping of lymph nodes by 
metastases has also been noted. By and large, however, metastases follow the 
echelons outlined above. 

This anatomic and pathologic knowledge suggests that removal of the 
described mediastinal lymph pathways with the lung will improve end results. 
One may speculate, however, that primary lesions of the lower two-thirds of the 
left lung wall have a poorer prognosis because contralateral lymph node metasta¬ 
ses will preclude block dissection. 



Pig. 3.—^Rlght side: Pleural flaps elevated. Azygos vein divided. Dissection begun beneath 

superior vena cava. 

TECHNIQUE 

To approach either lung the patient is placed in a true lateral position 
and the chest entered tlirough a long parascapular incision and the bed of the 
fifth rib. The pathologic setting is explored and, if a radical pneumonectomy 
seems feasible, and the patient’s general^condition is satisfactory, the procedure 
is carried out usually in the following sequence. 

Right Side .— 

1 Incision (Fig. 2) : The superior mediastinal pleura is incised from the 
apex of the chest to the azj^gos vein arch just anterior to the vagus nerve, 
ctiperiorly a short horizontal limb is used to facilitate exposure of tlie 
subclavian artery and right recurrent laryngeal nerve. 
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Inferiorly, a horiTOiital incision follows the azygos vein to the phrenic 
nerve and thence inferiorly along tliis nerve to the inferior pnlmonary liga¬ 
ment. Posteriorly, the incision of jilenra is just anterior to the azygos vein all 
the way to the diaphragm where it meets the anterior incision. 



Fip, 4 A.—Klphl pltlo: Api'x of tUssoclion richl i\rtcr>*. 
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In keeping witli the tradition of starting a block dissection for cancer with 
the distantmost points of potential metastasis, the first section of the procedure 
progresses from the most peripheral nodes to the hilum. 

2. Paratracheal dissection (Pig. 3) : The anterior pleural flap is elevated 
to the anterior sni’face of the superior vena cava, phrenic nerve being dis¬ 
placed with it. The posterior flap is elevated to the vertebral bodies, leaving 
vagus nerve uncovered. These flaps are retracted by the weight of Halsted 
clamps fastened to sutures attached to their free edges. 



Fig. 5.—Kiglit side: Retiotraclieal lynipli node dissection and vagus nerve elevated to 
pass this group beneath it. Note the most constant node at the tracheobronchial angle. 
Also the boundaries of the retrocaval space. 


The azt^gos vein is transected between ties and ligatures, and the anterior 
limb lifted forward, tints also elevating the superior vena cava. The areolar 
tissue is cleared laterally off the latter vein, and its posterior surface freed. 

The vagus nerve is mobilized, and superiorly its recurrent latyngeal branch 
is usually identified. (Pig. 4 [insert]). 

The apex of the dissection is fJie inferior border of the subclavian artery 
where a tongue of areolar, node-bearing tissue is .isolated and divided. Next 
(Pin- 4) attention is turned to the trachea and the fine connective tissue on its 
right lateral and anterior surfaces which is found to separate readily allowing 
the wliole packet of tissue anterior to the trachea to he swept downward off 
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innonniinte iirtery aiul aortic arch to tlic level ot the aitco. J liis 

can usually be done with division of only one <.r two small vessels. This packet 
of tissue represents the ritrht iiaratraeheal lyini>h node chain, lo maintain the 
integrity of this block of lymi'haties. the dissection must he carried immediately 
adjacent to the large vc.ssels ami the trachea. 

The areolar tissvte jmsterior to the trachea atid on the esophagus (I’ig. o) is 
then freed from these structures, commencing sut>eriorly. dissected downward, 
and pa.ssed under the vagus nerve whi<di is chwated by a Penrose drain. If 
desired, this last structure can he .sacrifii‘C<l below the recurrent nerve oidgin. 



Included in this dksectiori is the j^articulai-ly important. coiLKtant. and large 
node or the szj.-gos grch P.ing above the pulmonary ajterv-. It is mobilized 
as ihe derate eonnective ti-sue .supt.nor to the pulmonary artery and behind 
the .superior ve.ua cava is incised. This paratracheal node packet remains at- 
tacherl to the lumg by peribronchial P.ue.phatics and areolar tissue. A.s each 

pre-esophageal. and .subcarinal—is mobilized 
Should ne tacked to a convenient point on the visceral pleura to keep them 
-.ora o..-scunn2 the later dls-ctiom So far the nodes placed In front of the 
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right innominate vein and superior vena cava have not been included in onr 
dissection, but probably should be. 

3. Inferior pulmonary ligament dissection (Fig. 6): The vessel at the 
lower end of the inferior pulmonary ligament is divided, and the esophageal 
musculature identified above the diaphragm and cleaned of areolar and 
lymphatic tissue. This packet is elevated upward with the lung to, and then 
around the inferior pulmonary vein. 

4. Subcarinal node dissection (Fig. 6): The lung is held anteriorly by 
steady, gentle traction, elevating bronchi and esophagus, and released momen¬ 
tarily at least every fifteen minutes. Dissection of areolar tissue off the 
esophagus, sparing if possible the right vagus nerve but dividing its bronehial 
branches, is continued upward to the level of the carina. The esophagus may 
then be retracted sharply posteriorly exposing the large conglomerate mass of 


PERICARDf 





7.—^Ri&ht side: Subcarinal lymph nodes dissected onto lungr from both bronchi and peri¬ 
cardium. Individual ligation of the bronchovascular elements can now be performed. 


lymphoid tissue wedged between the main bronchi. Eeady and practically 
avascular mobilization of this nodal packet is effected by entering the plane 
adjacent to the posterior points of the left, or contralateral bronchial cartilages. 
The cartilaginous surface of the bronchus is a safe base for dissection, par¬ 
ticularly as the nodes seldom adhere to or overlie the membranous portion of 
either main bronchus. Dissection is carried to the carina (Fig. 7) and 
sufficiently along the right main bronchus to allow its transection at the desired 
level. This still leaves the main mass attached by its lymphatics to the distal 
bronchus and lung; it remains to lift this packet off underlying pericardium. 
Here the avascular cleavage plane is immediately adjacent to pericardium. 

5 Anterior pleuro-pericardial dissection: All lymphatic tissue adjacent to 
superior vena cava and pericardium around the phrenic nerve is swept laterally, 
cleanly off these surfaces, and particularly between the pulmonary artery and the 
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superior pulmonary veins. Unlc-ss these nodes Avhich arc part of the anterior 
mediastinal chain arc markedly enlarged hy inflammatory or metastatic changes- 
or are adherent to pericardium, intrapcricardial division of the pulmonary 
vessels, as practiced hy Allison.' is not done. 

The node dissection, Avith mediastinal nodes remaining attached to the 
lung, is now completed, and individual division of the hilar struetuies can 
Ik* begun (Overholt"). 



Alternatively, the brcnehiL' may be divided before undertaking this sub- 
carinal dissec-tion 'Fig. li) or even completing the dislocation of the node of 
the arch of the az;.-gc-s vein or clearing the superior surface of the puLmonaiy- 
^ery. Snch an alternative is partictdarly applicable when a large upner lobe 
t^or makes access to the region of the pulmonary artery* dim cult, or when 
the nodes between the bronchns and pulmonary artery are greatly enlarged, 
ine monchial arteries are divided prior to bronchial transection. Traction on 
me cm lan .severed .stump must be gentle to avoid tearinz the adjacent nodes 

bronchms. pericardium, and 

lAji ride.— 

T —-j - i iLijo me mediastinal pleura beginnin!^ 

me aten o. tne eneri ana pnoceeomg along the vagus nerve to the 'arch of 
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the aorta. Its posterior limb follows the aortic arch to the level of the 
bronchus and thence medial to that vessel as far as the diaphragm. Its 
anterior limb extends 1 to 2 cm. anterior to, and inferiorlj^ along the course of 
the iihrenic nerve to the inferior inilmonaiy ligament to join the posterior in¬ 
cision. 

Maps are elevated and retracted (Fig. 9), The phrenic nerve is fully 
liberated throughout most of its mediastinal course so that it ma}" be retracted 
anteriorlj" and posteriorlj^ bj'- a Penrose drain as the dissection warrants. 

2. Anterior mediastinal dissection: The apex of the dissection is at the 
undersurface of the left innominate vein at a point where it crosses the left 
subcia^dan artery. The areolar, node-bearing tissue is dissected off the %min, and 
several small brandies must be separately identified and divided. The dissec¬ 
tion (Pig. 10) proceeds anterioidy beneath the innominate vein as far as its 
entrance into tlie superior vena cava, dividing the highest intercostal and the 
tlijunie branches along the way. This is the anterior limit of the dissection. 



Fig-. 5.—Loft side; MediastinaJ lymph node dissection begun aJong left innominate vein. 

Plirenic nerve is I’etractccl anteriorly. 

The posterior limit of the dissection is tlie subclavian artery. The packet 
of tissue is swept down off tlie subclavian, common carotid, and innominate 
arteries and the aortic arch. The vagus nerve is carefull.y cleaned and, in 
particular, tlie large node present in tlie interval between the common carotid 
and subclavian arteries is included in the specimen. 

3 Suhaortic dissection (Pig. 11} : BeneatJi the aortic arch, the node of the 
lio-amentmn arteriosum and that of the loop of the left recurrent nerve are 
freed Lving between the superior border of the pulmonary arterj- and the 

' the left main bronchus and extending beneath the aorta is a 

anterior sviiiacc oi in*- 
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jiaeket of iiodt's must tu' dissoYtml tlowu toward the sin'ciiiit’U. >M! of 

those are iiiehided o'itli llie previously disse<'(e<l niediastiiiid ]>ael\(>f ol tissue 
ami sown onto the hins: s\irf!U'e. 

The pleuro-jH'rieardiid. inferior pulmonary lifiament. and suliearinal dis- 
soetions (l-’is:. Til are similar on Imtli sides and do not warrant speeial deseriii- 



Klj', 10.—Loft sltlo: ModhisUna^ •\\ 5 sr 0 Uou OMntinuo<l. Tl^rcnic norve rctructcd nostoriorlv anti 
lynirb no\K‘ I'uckot in*ssf,l boncalh II. 
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tion. The key to dissection in this area is exposure achieved by gentle 
traction on the lung and mobilization of the esophagus. 

Closure of the superior mediastinal pleura at the conclusion of the pro¬ 
cedure may aid in reducing subcutaneous emphysema. 

MEMORIAL HOSPITAL CASES 

Between January, 1949, and April, 1951, sixty pneumonectomies for cancer 
were performed. Twenty-one of these were simple, and thirty-nine were radical 
pneumonectomies (Figs. 13, 14, and 15). In the former, one postoperative 
death due to bi’onchopneumonia occurred, and in the series of radical pneu¬ 
monectomies deaths were due to hemorrhage from the pulmonary artery twenty 



Fig. 12 .—^Left side: Pre-esophageal and subcarinal lymph node dissection completed. Indi- 
vidual Hg^ation of vascular elements can now be performed. 


four hours after operation, massive hemorrhage from a site in the gastro¬ 
intestinal tract, undisclosed even at autopsy and hemiplegia on the fourth 
postoperative day. None was charged directly to the more extensive surgery- 
In addition to the radical node dissections portions of the pericardium 
wei'e resected in five instances, and of the chest wall twice. Pericardial resec¬ 
tion accompanied simple pneumonectomy only once. The mediastinal dissec¬ 
tion does add thirty to forty-five minutes to the operative time, but it is not 
difficult and, as a matter of fact, greatly aids mobilization of hilar vessels and 
the bronchus. About two-thirds of our cases have been actually done by 

resident surgeons. 
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The only increase in postoperative morbidity is related to the difTieulty of 
maintaining iutraplenral pressure at the desired level the first tvo or three 
days. Subcutaneous emphysema is prominent, but cardiac arrhythmias have 
not been more frecpient, having been noted seven times following the radical 
and three after the simple procedure. 

In the simple pneumonectomy specimens, intrapiilmonic nodes contained 
metastases ten times, while in the radical pneumonectomy' specimens metas- 
tascs were found twetity-six times in these nodes and eighteen times in the 
mediastinal group, some of these in the apex of the dissection (Fig. Ifi). In 



no specimen were metastases found in the mediastinal nodes without also c 
curling in the intrapulmonie nodes. In a good many specimens the operator 
impression of nodal pathology was not confirmed microseopicallv. 

Xo safe or true statistical conclusions can be drawn from so few cases at 
iu the absence of a long foUow-np period. For instance, the fact that as 
April 1, 19.51, nine of the twenty-one patients with simple pneumoneetomi 
are already dead of their cancer, whereas only eleven of the thirtvnh 
rascally operated patients have died, cannot serve as evidence in favor 
radical pneumonectomy. 
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RATIONAUE 

AVhen a iirimary earcinoina of the lung is centrally placed, either arising 
in or extending to a niain-slein bronchus, the minimal i^rocedure for total re¬ 
moval is a pneumonectomy. Q’he same general rule holds true for a more 
peripherally placed carcinoma of the lung that invades other lobes by direct 
extension or b}' intense inflammatory reaction. Although the necessity for a 
complete lung removal, when feasible, is not questioned in this group, 
clarification is needed as to the advisabilit}' and the extent of an accompany¬ 
ing lymph node dissection. 
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Pig. 14.—Specimen of rig-ht radical pneumonectomy, posterior view. Note block dissectjon. 

and primary carcinoma. 


When a primary earinoma of the Jung is eonfinecl to a lobe, is jjeripherallj' 
placed, and is relatively small and well eircumscribed, the surgeon may elect 
to do a less I'adical iirocedure on the grounds that he is sparing useful I'espira- 
tory surface while still performing an adequate cancer operation. However, 
Most, as quoted by Eouviere, has said that “jnilmonary lobes do not establish 
distinct lymphatic regions. The iympliatic tracts which run between the lobes 
are fed by lymph vessels from the two neighboring lobes.” This seems cer¬ 
tainly suggested by the size of the interlobar venous channels which may well 
be accompanied by l 5 nnphatics, and also the frequent failure of complete 
division of lobes anatomicalbx It is possible that the intrapnimonary ] 3 miph 
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lunles whioli drain a jiarticnlar lobe may be situated within the substance of 
another and. although the original lobe eontaining the primary focus of cancer 
is removed, it.s metastatic deposit could be left behind. If a lobectomy is 
elected it should be accompanied by a node dissection as radical as possible 
^Yhieh takes into eonsidcration those tliat may be involved knowing the 
location of the primary tumor. The dissection should include the subearinal 
and the paratraeheal groups, ami also remove nodes about ad.iacent bronchi. 

Small or peripheral cancers have been found to metastasize to hilar and 
mediastinal nodes. It is, therefore, encumbent upon us to be adequate and 
deal radically with these small lesions in the hoiu' that at this one procedure, at 
which time the chance to cure the patient is optinnim. all jiossible cancel" and its 
potential areas of spread are removed. 



Fig. 13,—Specimen of left raOical pnc-umoncctomv. The Dre-psr>n).,>™,i „ 

labeled. ^ '^-'opliaeeal group has not been 


-^though lesions of die lingnla and loft lower lobe are less amenable to a 
complete lymph node dissection for reasons already mven • - !• 

subearinal nodes and those of the ipsilateral para‘tr<:cheal group'^Tffers t 
better chance of including random metastases than if it were i 
■\Mien a lesion is in doubt as to its beiiio- ninin-j. • . 

aspiration biopsy through the open thorax= or reseet'aTohrf ^ 

section biopsy pei-formed. If it then proves to havp ti a frozen 

radical pneumonectomy is completed at that time ' ^ ^ 




468 


THE JOURNAL OF THORACIC SURGERY 


Koletsky^ has noted that all of the various histologic types of carcinoma of 
the lung, whether centrally or peripherally located, are capable of metas¬ 
tasizing to the regional lymph nodes. The squamous carcinomas arising in the 
main bronchi seem actually to remain within the thorax, and in 65 per cent 
of the cases killed by local invasion and extension rather than by distant 
metastases. The terminal bronehiolar and adenocarcinomas comprise most of 
the peripheral lesions. Along with the anaplastic or oat-cell carcinomas, these 
are infamous for the rapidity of their vascular, extrathoraeic spread, but 
they, too, metastasize to the regional lymph nodes with some regularity. Al¬ 
though the over-all prognosis for these more rapidly disseminating histologic 



Fig. 16.—Specimen of right radical pneumonectomy showing primary carcinoma of the 
right lower lobe with metastases to the subcarinal ("hilar") and paratracheal ("superior 
mediastinal tracheal") lymph nodes. 


types is poor, nevertheless when the indications for resectability exist, the 
radical operation should be carried out. For it is felt that the histologic type 
of the tumor should not be the influencing factor on the procedure to be per¬ 
formed, as five-year survivals in all types have been reported. 

In various communications it has been stated that the reason for leaving 
the hilar and mediastinal lymph nodes intact is that they felt clear of 
metastases.® Or else, one so-called representative lymph node was removed for 
frozen section and, when reported as negative, the others were presumed to 
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be negative as well. Some feel that the finding of one positive lymph node 
■warrants leaving the rest in situ, and then they do a “palliative resection. 
The term “palliative” used in this sense has an inherent defeatism which is 
at variance with the fact that there have been five-year survivals of primary 
lung cancer with proved metastatic hilar lymjih nodes. Gniham s*’ first case 
has gone eighteen yeare after the pneumonectomy specimen showed lymph 
nodes positive for metastases. The term also prestipposes that there is cer¬ 
tainty of metastatic lymph node involvement rather than enlargement of those 
structures hecause of other conditions. 



Fig. 17.- 


-Small focus of metastatic epidermoid carcinoma of the luntr in one nnrMfrariir»ni 
brniph node out of eight that were sectioned. paratracncal 


It is believed by the authors that it is impossible to determine the presenc 
of metastases in a lymph node by gross observation or palpation. In fad 
even the "microscope can err” in this regard. For example, Saphir ini 
Amromin” re-examined axillary h-mph nodes from thirty radical mastectom 
specimens that had been reported nninvolved on routine examination The 
found metastasis in one-third on serial sectioning of the nodes In our w 
experience metastatic foci have been observed in part of one hicrh nnw^T^l 

field of a h-mph node section (Fig. 17). Certainly no surgeon can claim a micro 
scopic touch, of such delicacy 1 

b. “ifrat Ssia 4" r t'r-“ '■ 

tb.. (a, .be ..„ee. 
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the microtome knife must pa.ss through the metastatic focus; and (c) the 
occasional skipping of nodes in a chain makes all of them, suspect and not;just 
one alone. 

The excision of all possible lymphatic areas by radical node dissection 
largely removes the element of conjecture about their contents. It is our 
belief that if there are no marked medical contraindications, a radical 
pneumonectomy lie performed for all primary carcinomas of the lung. All 
procedures short of this may make a compromise with cure. 


.SUiaiARY 

1. A lung can be removed in a block dissection with most of its hilar and 
mediastinal lymph nodes. This procedure is called a radical pneuinonectoniy, 
and is differentiated from a simple pneumoneetomj’-, the removal of the lung 
alone. 

2. The procedure is based upon available knowledge of the anatomy and 
direction of flow of the Ijunphatie system of the lung. 

3. From a pathologic view, this radical dissection is considered to he 
sound therapy for primary cancer of the lung, as the regional lymph nodes are 
involved frequently with metastases from both central and peripheral tumors 
of all histologic types; this involvement can only be determined accurately and 
with certaintj' by microscopic observation. 

4. In two and one-half years, thirty-nine radical pneumonectomies have 
been done. Lymph nodes positive for metastases beyond the limits of the 
average simple pneumonectomy ivere found in eighteen cases. 

5. It is felt that experience will clarify whether such a radical node dis¬ 
section is a factor in survival for carcinoma of the lung. 
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AI'l'KNUlM 

Tho ojH'ratinn ns n^MU'c (U's^Tilnnl lins broil inn lilunl in sovcrni wills sinoo its jtrosont.itioii. 

On tlio riglit si.lo. tlio pro-oaiiro of oxoisioii of tlio riulit I'nriitrnolicnl noilos !ins Ins'll 
fiR’ilitntcd niui ox]n'(liti‘.l tiy soot iniiinir, ninl iiiohnliiiir in tin's lympli mnlo pnokot tiio vntrns 
norvo inforior to tlio (irioin of its roonrront hirynijoal brnnoli. 'Iliis rofpiiros onrofnl iilentifion- 
tioii of tins bmnoli anil lias not. in at loast ton iiistanoo^. proilnooil any notiooablo altoration 
in pos!i>lvnitii 0 oanliao or ^astrointostinal fniiotion. 

On tho loft siilo, two altoratioa< aro iin.lor oonsiiloration: 

1. Tho ilnotiis artoriosiis is liitato'i niol iliviilo*! to {>orniit nioro thorough dissis'tioii in 
tho aroa just boaoath tho aroh of tho aorta. 

Tho first two pairs of intoroostal artorios arising from tho aorta aro liitatoil aiol 
iliviiloii. porinittiii*: mobilisation of tho art*h to allow ib.s'is'tion of tho loft paratraohoal 
iioaos that run botwoon tho aroh ntul the traolo'a. Tlits is a sutti^ostitin of Proto'ssor 
I’iotro Vahloni of Homo. Italy. 

iiisrr.-t.<ioN 

PR. AA'1LLI.\M I,. \V.\TS(1X. Now A'ork.—Perhaps some of tho points mailo by Pr. 
Cahau could ho oaiphasisoil. Ho I oiutoii out that no claim is miulo for originality as to the 
concept of an on bloc removal of a oanoorous liino ami its aocossible lymiili noiios. but he 
has attempted to focus attention on the fact tliat tho operation is not only a feasible one. 
hut is attended by an aocoptable operative mortality rate of 7.7 j'er cent. It is to be noted 
also that in this series of oases two-third' of the operations wore carried out by our resi¬ 
dent surgeons, well trained in gonenil suruery. but some of whom have had less than three 
months of special traininit in thoraoio surgery. I’erhaps it should be restated that the 
operation of radical pneumonectomy as dosoriboii by Dr. t'ahan is reserved for the fair 
operative risk patients, and it is significant that during tho j’eriod under discussion the 
service performed twelve lobectomies for cancer in patients wlio were medically unsuit¬ 
able for the more radical prooeiiuro. 

Xot included in tho statistics pre-ented by I'r. Cahan is one ca=e of mistaken diag¬ 
nosis. radical pneumor.octom.v with i.vniph node dissection was carried out for what 
proved to be an at.vpical form of pulmonary tuberculosis. Th.e point of interest is that the 
excised lymph nodes contained active and casi'ating tubcrculo-ds. leading to a f^uestion of 
w-hat the future of those l.vmpdi no'les might be in relation to the f'Ossibility of contra¬ 
lateral postoperative .'jiread. It might be said that in this case there was no postope.'-ative 
spread. As Dr. Cahar. ha-^ stated, we do not know what the ultimate salvage rate will be. 
but it is my hope that the radical jmeun-.oncciomy will add so.mewhat to the expected sur- 
rate, but time will be re*puired for final evaluation. 


DR. J. F. HIGGHN.SON. Portland. O.'e.—AVe have found this paper of Dr. Cahau's 
very interesting. A trul.v ideal cancer oj-eration i-^ not t'o-s-^ililc for cancer of the lung, a' 
IS the case in the breast or the ne<-k or eDewhere. Of nece='ity. compromDes must iie 
made, essential structures left umh-.-turbed. and the dis'ection often carried very close to 
the act-ual primary malignancy or its nodal n.etasrase' or local spreai Realizin" the'e 
tacts. It seemed to ns that the be,-t j-o-silde i.locl; <ii"ecction. with the lea't compromise, 
wonla be the most nearly ideal 'lancer ot'eration in dealing with bronchiogenic carcinoma! 
AVe began planning and doing in our private se.-vices and the thoracic .surgical service at 
the Portlngd. Oregon, A'eterans Eospiial. a block node dissection in .Tnlv of 1P4S and =ince 
that time we have had occasion to do forty-two pne-umonectomies for hronchio-Tenic'^V- 
cmoma. Or tnese, thirty-eight have had partial or complete node-bearing bloct- 

ois.'eettons as part of the pme'umonectomy. Of the thirty-eight, ten were partial -.nd 

!;:!:/j' mediastinal node-bearin-' 

‘"i' ^ fnirty^iaht eases the nodes of the 

tbe specimem Xn most of these cas., various po.ons . 


ode-bearing tissue block 
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and pericardium, and segments of phrenic and vagus nerves and chest wall were also re¬ 
moved, as is common. In some instances, portions of esophageal musculature and cuffs of 
the left atrial wall were removed. 

We have not as yet attempted to evaluate these cacses from the standpoint of early 
or late results, but the pathologic findings are interesting. Of the thirty-eight cases, six¬ 
teen had nodes and twentj'-two had positive nodes. If we consider only the twenty-eight 
complete block dissections, eleven had negative nodes and seventeen had positive nodes. 

(Slide.) This is a section of a man, right side, demonstrating, as j-ou saw in the 
slides of the essayists, the paratracheal superior mediastinal ly^mph node block; the other 
nodes as a complete block turned up from the contralateral bronchus, sub-bifurcation area, 
and homolateral bronchus are included. 

(Slide.) This is another right-sided lesion without a card to make the nodes stand 
out; the nodes are tossed up over the top of the specimen. You can see the other nodes 
gathered together in a smooth continuous clump next to the bronchus. 

(Slide.) Another right-sided lesion, again demonstrating that this group of node¬ 
bearing tissue can be removed en bloc with the lung. 

(Slide.) This is a left-sided lesion demonstrating pericardium and the inferior pul¬ 
monary vein; this vein was totally occcluded by carcinoma and this was bulging into the 
left atrial lumen as a polypoid thumblike mass. The nodes in this man’s specimen were 
negative. 

DR. JOHN M. CHAUBBRLAIN, New York.—I did not intend to discuss this paper, 
but I find it e.vtremely interesting and worth while, and so I rise mainly to raise one ques¬ 
tion and to invite discussion from the authors. 

Since Allison and Bloch first called this type of resection to our attention, we have 
been trying a more radical procedure, but have wondered whether we should leave the 
lung in and do the radical dissection first, or whether we should remove the lung and do 
the radical mediastinal dissection later. If the mediastinal dissection is done first, ex¬ 
tensive manipulation of the lung is necessary. Should the vein be invaded, this varied 
dislocation of the lung could conceivably' dislodge small emboli into the systemic circula¬ 
tion. All of us, I am sure, occasionally have found the veins invaded at operation and 
have worried, therefore, about the dissemination of such emboli. Perhaps t-eins within the 
parenchyma are always invaded. On the other hand. Drinker has shown that ligation of 
the veins tremendously increases the peribronchial ly-mph flow. We have therefore de¬ 
termined operability' w'ith as little manipulation of the lung as possible, and then pro¬ 
ceeded to clamp and divide the bronchus immediately', ligating the vessels next. After 
removal of the specimen, the radical dissection is accomplished. 

Today-, Dr. Cahan pointed out that they' begin their radical dissection in the medi¬ 
astinum. So I raise this point: I wonder which is the more hazardous as a result of the 
operation—dissemination via the veins through excessive manipulation of the lungs, or via 
the lymphatics, the most distant of which are interrupted first, as outlined by' the authors. 

DR. ADRIAN LAMBERT, JR., New York.—I, too, should like to compliment Dr. 
Cahan on his fine presentation. I wish that the actual procedure were as easy as some 
of these pictures portray-. In our experience it is much more difficult to dissect out the 
mediastinum than these drawings would have us believe. 

This procedure is one that should be performed in cases in which the patient can 
stand the operation. At Bellevue we have employed radical mediastinal excision when 
this is the case, and have been doing it more and more in routine removal of carcinoma 
of the lung. There are one or two points I should like to make. Pirst, the value of this 
procedure will depend on the relation of five-year survival to the type of cases selected 
for radical dissection. In eases in which we cannot remove the entire lung for functional 
where the patient cannot stand the entire dissection—and there are cases we en- 
reason^, jg gu—it is wise to bear in mind one or two points which may be of 

eoun j.gj.gij,onia of the upper lobe may metastasize to the carinal node, so that 
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if the necinstinal cstcnsion is to be removed, that node should be removed too. Car¬ 
cinoma of the loTvcr lobe more freciuently poos to the lower nodes, fo that in doing a 
partial resection that part should be removed first. Carcinoma of the upper lobe, in my 
experience, does not go to the lower nodes down toward the diaphragm with.out first ex¬ 
tending upward, so that in doing a partial dissection, this is worth bearing in mind. 

The third point I should like to mention i.® the presence of a structure which is not 
emphasined in the anatomy books. From studies of bodies that 1 have dissected and pa¬ 
tients, encountered at the operating table, there seems to be a fibrous membrane situated 
longitudinally posterior to the trachea extending down to the esophagus. This seems to be 
a constant finding and appears to prevent extension in the medinstinum. in this area at least, 
iron; one side to the other. 

One note abont complications: These patients are prone to develop mC'diastinal 
emphysema which should K' controlled with negative iiitrathoracic pressure or suction. In 
addition to having ditnculty conghing. and a lartre amount of secretions, they also seem to de- 
xe’op eiema of the opposite lung, uhich brines up the question of whether the Kunph drain¬ 
age to the opposite Inng may Kc impai.-e-J. I <:o not i«vl that it has l-cen determine-i how 
ccmpatible with life it is if you remove all the peribronchial nodes on the other side. 

I feel that this proce.iuro should 1*0 done more frequ-^ntly. and I v.ant to eompliment the 
men from Memorial on dire-cting attention to its mono routine use. 


DK. CAH.VX (closine*.—I would like to thank Dr. Watson. Dr. Hieeinsoa, Dr. Chamber- 
lain. and Dr. Laml-ert for their discussions, ar.-i to take up brietly some of the points they 
have raised. 

D-*. Higginson meatione-i the point that Pr. Churchill quote-I last year about there being 
a tnomss of lymphaties in the m-cdiastir.al arra. To l-o sure that is so. but we like to empha- 
siie that these can I-.- remove! for the mf■^t part en blo'*. and ahhe-ugh ne do probably make 
certam eempremis-s with certain lymphatics. I feel that this is certainly true also in opera¬ 
tions p-erformed on the breast in v.hieh there are parasternal lymph nodes as possible foci 
Oi metas-iases: also in the stomach and colon metastatic fprc^.if may well extend l-eyond the 
standard limits of res->ttion. 

Hr. Chaml-criain■= qu-;-stion of sequence of operation—dicing the pulmonary vein or the 
bro_cn-ns nrst—is something al<iut whi'-h we could talk at great 1-Jngth. We aonly the 
cancer snruery and take th*c distalmc-st point of possible Ivmphatic spread first, 
wottiag back toward the primary itself. The question of avoiding venous emh-oli is a coo-d 
s-ein., and I taink we shonld consider it carefully. 

^ Wi:a Dr. Lnml-ert's statement al-out the simplification of our pictures I agree whole- 
H-t I am sure that the peorde in the lack row, if all the ties and fibrous tissue 

i^rte-i into the pictnre. wcnld I'e ind-:-ed confus->i, I agree that there are p-oints in the 
o^^..ioa mat are more dimcnlt than others, but these can b-e snrmounte.d with ratience. 

'■^--'^7? w_eu yon get that lymphatic packet, for example in the paratracheal or retro- 
en.J areas on the right side, it dc-es seem t-o co 
pnrd.^iarly it you^hug close to the major vessels aa 


e down with relative ease and well ccontaine.i. 

the trachea- We have not seen the 



PLEUROPULMONARY RESECTION WITH HEMIDIAPHRAGMECTOMY 

Preliminary Report 

Bert H. Cotton, M.D., and Joao R. P. Penido, M.D. (by invitation) 

Beverly Hills, Calif. 

T he present paper consists of a discussion of indications, coinplicatioiis, 
technical problems, and results in a series of twenty-eight cases of coexist¬ 
ing pulmonarj’- and pleural disease treated bj’- surgical methods. Bach of the 
twenty-eight patients received pulmonary resection combined with plenree- 
tomjL In eleven instances, subtotal or total hemidiaphragmectomy was per¬ 
formed as an adjunct to pleuropulmonary resection. The results obtained are 
encouraging. 

pleuropulmonary resection 

For many years chest surgeons liave performed pneumonectomy with 
pleureetomy merely for reasons of technical convenience. Pleuropulmonaiy 
resection has been employed successfully in the management of tuberculosis 
with complicating empj'-ema. However, little use has been made of this com¬ 
bined procedure in the treatment of malignancy. Our experience indicates 
that pleuropulmonary resection may prove lifesaving in cases' of bronchial 
carcinoma heretofoi'e considered hopeless and will inci'ease the ju'esent salvage 
rate in routine resectable eases. 

HEMIDIAPHRAGMECTOMY 

The value of subtotal or total hemidiaphragmectomy as an adjunct to 
the treatment of thoracic malignancy also has not been fully apiireciated. If 
the malignant process involves the diaphragmatic pleura, either ly direct ex¬ 
tension or by implants, we have found a hemidiaphragmectomy combined with 
pleuropneumonectomy makes the operation more definitive for removal of all 
neoplastic implantations. In our opinion, previous reports in the literature 
have placed too great importance on presei'ving the continuity of the dia¬ 
phragm. Our experience is that a subtotal or total hemidiaphragmectomy can 
be performed without detrimental effects on the patient. 

The fate of the diaphragm depends upon the stage of pleural involvement. 
If no involvement has occurred because of a localized pocket of pleural fluid, 
the diaphragm is allowed to remain intact. Pleuropulmonary resection with 
subtotal hemidiaphragmectomy is performed when segmental involvement of 
the diaphragm is present. If the entire diaphragm is involved, complete hemi¬ 
diaphragmectomy is the treatment of choice. 

In a large percentage of our iiatients we have found it impossible to re¬ 
move the pleura from the diaphragm without causing rupture into the pleural 
space. The dissection thus is facilitated by removal of the diaphragm. 

^.,,1 the Thirty-first Annual Meeting of The American Association for Thoracic 
Surgeky, Atlantic City, N. J- April 10-18, 1951. 
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One eonil'Iiention nt lieini<1i:i])lii"iirmfetoiny is llie i)i-()I1ouiic(h 1 slioriiiess 
of l)rentli. We liave sunnised tiint tliis ninnifestntioii is due to loss of llie 
ecntral attaelinienl of llie eoiitralaleral lenf of the dia])lirai:in. The shortiie.ss 
of l)reatli remains for about sevi'ii to teu days ])oslo])eratively. alter whieh tiie 
mediastinum is stahili’/.eii. Ai)i'areully the tliiek tihiduous ineiidu'aue which is 
formed over the ])eritoiunim acts as a hiiffer as well as a solid nttaehineiit for 
the remaining leaf of the dia])hr;i'rin. 

In eases of tvihereulosis with ein]'yeina. the <laimer of abdominal iiiteetioii 
following ])leurodiaphi'aLrmeelniny may he nvoitled hy i)resei’vinii the I'eidto- 
neum; this structure ]>rovide.s n base upon which a fibrinous niend)rane rapidly 
forms. Keeurrent enqiyema or bronchopleural fistula will be late ])ostoi>erative 
complications, allowin': an interval durinu which a hi'avy fibrinous wall forms 
lietween the abdominal and thoracic cavities. 

ANAt.YSIS or ArTIlOUS’ CASr.s 

Tables 1, II. and Ill show the types of cases imdudcd in the i)resent study 
and the treatment employed in each tyjie. The tweuty-cinht instances may he 
divided into two ma.ior classifications, that of maliuMiancy and that of in¬ 
fection. Surgical treatment in cases of the infective type is less radical than 
in maligimnc.v. wliere oul.v wide excision can improve the prognosis. 

T.uii.r. 1 

1* I'ririinry runMnoina of iho lunj; with ns><H*i:ito*i plounil 
olTusion aii'i tnaliirnaiit 
DilTusc primary of tho jilctir.i 

3. Pulmonary tuherculo^is with tuhorctilou< ompyoina 
•1. Pulmonary funjru? ravitic5 with nipturo nii»l ernpyorna 
5. Proiichioctajiis with ompyema 


p 

1 


1. Primanj Carcinomu of the Lung With Associated Pleurat Effusion and 
^Ldiejnant Ceils (S cases).—When malignancy of the lung has involved the 
parietal or visceral pleura by direct extension or imiilantations with or with¬ 
out pleural effusion, pleuropulmonary resection v.-ith picurocliaphragmectomy 
oiten will decrease morbidity and mortality. In such instances this combina- 
t'on of operations may be considered a routine procedure unless a protective 
cushion of lung is present between the lesion and the plcui-a. 

^ Five of the eight patients are alive and well after postoperative periods 
ot tuo years, one year, nine months, six months, and four months, resjiectivel.v. 

"0 patients died -with metastasis less than a year after operation. One 72- 
> ear-old white woman died of coronarv occlusion twentv-four hom-s post- 
operatively. 


2. Diffuse Primary Eeopiasm of the Pleura (2 cases).—This neoplasm, 
'Down as diffuse mesothelioma or endothelioma of the pleura, involves the 
entire pleura and usually ensheathes the lung in tumor tissue of the diffuse 
ns. The two such cases in the present series were treated by pneumonec- 
omy -^vith hemidiaphragmeetomy. One patient presented erosion throush the 
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dinpbrncin viih iuvolveii^oiit of tho loft avlrotiAl clund ;\n(I loft kidiie} , tlu-vc 
organs also wore rosootoil. The patient progrossoil well for fourteen months 
postopcratively, then iliotl of cerebral vessel niptnre. The second patient 
lived seven months after operation and died of ab<kiininal nutastasis. 

o. J’iibaoiinrp T'uoereu'hisis With. /•.lupot am it’ casesi.—In onr experience 
surgical treatment of pnlmotiary tu'iurenlosis with I'ositivt' spnttim in com¬ 
bination with tuberenlons empyema has been diseonrairinir. <bir disajipoint- 
nient may be attributed to: i 1'i a liiirh mortality rate: i'J' the eoiapf!- 

orfed furiricnl rfaimfi: neeessitatimr sVceb'tal deformity: and !•>' lailnre to 
control pulmonary disease duo to tlie extraj'idmonie lieaty fibroldastic mem¬ 
brane over the jtleura. 



A. j:. 

"" " tCocc appc.'\nineo of 11:0 legion al tho operalinif table: i', rleuroj'ncunionoc- 

tcaiy ivilh hcmliliaj'hraBTr.octon'.y. 

Thoracoplasty treatment is directed primarily toward cure of the empiy- 
^Dia. It is hoped that the pulmonary disease also is cured. Extrapleural pul- 
nionarj- resection is definitive for both pxdmonan.- and pleural tuberculosis. 

All of the nine patients recovered. One patient developed a late broncho- 
P eural fistula, treated successfully with sodium hvdroxide cauterv drainage 
and thoracoplasty. 

cas Disease of the Lung With Kuptxircet Cavitxj and Empi/ona (S 

^es).-_pieuropulmonary resection is proving of value in the manacement of 
mon^^ ^.’^^‘ases of the lung and pleura. In our series of sixty cases of pul- 
ry tungus disease treated by surgical means, eight patients exhibited 
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eoi'xistini: ])h‘Ural Mini imlnidiutry iiivtilvoinciil. dl 

UHA’ivcd I'louvi'imhut'navy vvsccUdiv. voi-dvorcU with iiu 
rolunu'il to iiornial litV. 



tlicso citilil ])atifiits 
cuinplioatioiis, ami 


■jj'hr.irrt-Htlc irnol’.' rn* rtt. 

H< ffil'tlnphrr'rr::'-''* 
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5. Drondikclasis ^\’Wi Bronchophural Fisiitlo and Empiicma (1 case).— 
Profound disagreeable symptoms, periodic incapacitation, and early death has 
been the fate of patients with bronchiectasis complicated by bronchopleural 
fistula and empyema. The one such patient in tuir series developed a lung 
abscess which ruptured, resulting in suppurative empyema with bronchopleu¬ 
ral fistula. Closed catheter drainage was present when the patient was first 
seen by us. Left pleuropneumoneetomy was performed after which the pa¬ 
tient progressed satisfactorily until a bronchopleural fistula developed on the 
fourteenth postoperative day. This was treated successfully by drainage, 
sodium hydroxide. eauteri?;ation, and thoracoplasty. The patient has now 
returned to work. 



E. 

Fig. 7.—cease 2S) --I. Bronchiwuosis or Uic left lunc with bronchoi>ttur->I i . 

E. pos-.oporativc film ono wcok following left plouropnoStoneSomyf -■ 


Table II. Sur.cic.tL Pr.ocEt.vrj.s EurLOYEh 


1. Pleiiropnetirnor.i?ctoin}r 


2. PleiiTopneumonectomv and Eemidiaphttionioctomv 

3. Pleuropneumoneetomy and segmental dlaphra^eetemv 
■L Pleurolobectomv 


•1 

5 

G 



TECHXIQXJE 

Through the bed of the resected r-th or, „ , 

found and enlarged sufficiently to permit eural plane of dissection i; 

incision is made in the parietal pleura and fh • f spreader. A smai: 
The fluid content is aspirated; this PreefutL“preTeXtiXsl,T^^^^^ 


Tabi.e hi. PRijtARY Carcinoma of the Lung With Associated Pleural Effusion and Malignant Cells 
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illation if the pleura is inadvertently opened during the dissection. If pul¬ 
monary resection is decided upon, the pleural wound is closed with a running 
suture, inverting tlie edges. The extrapleural plane is then dissected around 
the entire chest cavity, down to the diaphragm, over the apex, and down the 
mediastinal surface to the hilar structures. In instances of involvement of the 
diaphragm, the insertions are dissected away from the chest wall by blunt 
dissection; it is sometimes easier to start with the lateral insertions. The 
peritoneum is located and left intact while the diaphragm is dissected away. 
The medial attachment is divided bejmnd the pleura in the mediastinum. On 
the right side, the medial attachment occasionally is freed from the inferior 
vena cava onlj’- with difficulty. In malignant cases, if there is involvement 
around the hilum, or if the distal portions of the vessels seem to he involved, 
the pericardium is entered and the vessels secured inside the pericardium. If 
the pleura cannot be separated from the pericardium, this structure is re¬ 
moved. When there is only segmental involvement of the diaphragm, a small 
segment of the muscle is resected with the diaphragmatic pleura. When a 
large portion of the diaphragm is involved, either by multiple pleural implants 
or bj^ direct extension, the whole hemidiaphragm should be resected. In four 
of our patients postoperatii'e chest wall defects have been repaired with stain¬ 
less steel wire mesh: two of the defects were due to invasion of the chest wall 
by primary carcinoma of the lung; the remaining two rvere of localised malig¬ 
nant mesotheliomas. 


SU.AIMARY AND CONCLUSIONS 

1. The surgical treatment of a series of twenty-eight cases of serious co¬ 
existing pulmonary and pleural disease is described. Pleuropulmonary re¬ 
section -was done in each instance. Subtotal or total hemidiaphragmectomy 
was performed as adjunctive treatment in eleven instances. Only one post¬ 
operative death was encountered; tlie remaining patients tolerated the sur¬ 
gical regimen. 

2. The authors’ experience suggests that pleuropulmonary resection and 
hemidiaphragmeetomy may prove of value in the treatment of primary car¬ 
cinoma of the lung and pleura. 
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niscusi^ioN 


UK. \V. K.MOKY nUKNKTT, I’liilAdclphisi.—1 uniit to roncmtuliitc tho on the 

presentation of an intoorstiii;; nml rntlior intripuinj; siilijort. I wouM like to ili'=eH'"< tlio 
r.alipnant c.atogory only, and state .'onie of oiir oxporifiiet’s witli tlii'. 

About three year.< npo ^\e dccidecl to te<t the verity of tlie contraindication of pleural 
invasion to pneumonectomy, in the hope that this extension niiftht I)e tlie only site of 5 e<'- 
ondnry invasion. The lirjt patient on ahoni «e intendi'il to try this Iiad Ix-on di.'charped 
during my al'Sence at thi.s tiK-etinp. I believe, to a cancer hospital. bVhen I returned and tried 
to pet him ba.-k in. «c found he had ilied the day before of atelectasis of the opposite lunp, 
but at pc'>t mortem there «as no invasion whatever of the nnaliastinal plands. The only 
secondary spriad «as that of the plenra, .so that we were eiicouraped to hunt out others. 

We have attemptosl total plourivtomy for carcinoma six times with the hope that it mipht 
K'- at least palliative, and the remote possibility that (Mrcassionally it mipht 1“' curative. Our 
experience has definitely proved that ,«ome of ihe.-e patients hnve to l>e alandoned in the mid- 
ide of the opi'nition Ivet'aU'O of the e.xtreme extent found beyond the pletirn. That happened 
in three of the six instances in which we tried it. Of the other three in which it wns com- 
pictOvi, one live>i only nbout thre.', months thereafter and died of cerebral metastasis; the 
lonpest one lasted nine months and was able to po back to work, and to do what ho prisatly 
desired, that was some hunting and fishinp. His course, honever. is illustrative of tho in- 
crease-i morbidity as well as possible increase in mortality from this type of procedure. 
Pneamonectemy. total plcanvtomy, and hemidinphrapmectomy on the riplit .'idc were done. 
On the fifth or sixth day he eviscerated his intestinal contents thrnuph the seventh interspace 
incision. These were replac.vl and packed l>olow- the diaphrapm and liver nnd did not recur, 
bat the wound was rather slow in hcalinp. He was the one. liowevcr, who had the liest result 
50 far. 

I am pleased to note that there have l>eon some patients in this series reported today 
who have gone lonper, and we understand from four months to two y<ars. I would like to 
know how cany were for two years when the c.vsaxdst returns. 


DR. LOUIS K. PAVID.SOX. Xew A'ork.—I am sure you will apreo with me when I say 
sneh a wholesome and substantial me.a! as was .«KTr<sl us by Dr. Cotton nee-ls no dessert. Be¬ 
cause of this fact, it is with preat reluctance that I discuss his paper. 

About the time that Churchill and Klopsto-rk reported upon lolwctomy in pulmonarv 
ml-erculosis. it l^srame apjeirent to thoracic surpeons that many upper lolic-s could not be' 
rejected from the chest wall, unless one w-as willing to risk spillapo into nnd infection of 
t.-e intrapleural space. It was natural, therefore, to seek another avenue of approach in those 
50-called frozen lobwj? or lunps. For reasons which must be quite clear, surpeons who had 
pr^ous training in pathology we.-e quick to use, in part at least, what Ls^knoivu in the 
-ctopsy room as the Eokitansliy technique—that is what is now called e.xtranleural di==ectioa 
0 * JsoDiiization. 

.V-- ^ Hospital, about ^00 patients have bcea submitted to excL=ioaal surperv. Of 

‘ s number, abeut eighty or more have had extrapleural resectional surgerv. I shall c'oafine 

.e:-i “""oToot infection tuberculous emp.yeria wcurrinp in a 

excrsmaal surgery performed ler^eea JIarch, 1946 ^ ^^,5 

^^ “'i pleurectomy w^re" u.4d^"'sk 

■- - ^ e-oup or ...en...-iiine cases the ultimate mortalitv rate w->= lo •' * 

'hree patints havdag dici rare was IO .0 per cent : 

P^-e-ectomy are more dificult for the surgeon and 

" ■ .ibe pre^ous mlSsTf 

nlastv- ana S-zLede. However, with pueumo^ 


nore for tiie 

tile end resnits are far mr*€rior- 


nectomr 
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illation if the pleuva is inadvertently opened during the dissection. If pul¬ 
monary resection is decided upon, the pleural wound is closed witli a nnining 
suture, inverting the edges. The extraiileuT’al plane is then dissected around 
the entire chest caidtj^, doivn to the diaphragm, over the apex, and down the 
mediastinal surface to the hilar structures. In instances of involvement of the 
diaphragm, the insertions are dissected awaj’’ from the chest wall by blunt 
dissection; it is sometimes easier to start with the lateral insertions. The 
peritoneum is located and left intact while the diaphragm is dissected awaj". 
The medial attachment is divided beyond the pleura in the mediastinum. On 
the right side, the medial attachment oceasionallj^ is freed from the inferior 
vena cava onlj^ with difficulty. In malignant cases, if there is involvement 
around the hilum, or if the distal portions of the vessels seem to be involved, 
the pericardium is entered and the vessels secured inside the pericardium. If 
the pleura cannot be separated from the pericardium, this structure is re¬ 
moved. When there is only segmental involvement of the diaphragm, a small 
segment of the muscle is resected with the diaphragmatic pleura. When a 
large portion of the diaphragm is immlved, either by multiple pleural implants 
or bj'- direct extension, the ivhole hemidiaphragm should be resected. In four 
of our patients irostoperative chest ivall defects have been repaired with stain¬ 
less steel wire mesh.- two of the defects were due to invasion of the chest wall 
by primary carcinoma of the lung; the I'emaining two were of localized malig¬ 
nant mesotheliomas. 


SUiUMARY AND CONCLUSIONS 

1. The surgical treatment of a seines of twentj^-eight cases of serious co¬ 
existing imlmonary and pleural disease is described. Pleuropulmonary re¬ 
section ivas done in each instance. Subtotal or total hemidiaphragmectomy 
was performed as adjunctive treatment in eleven instances. Only one post¬ 
operative death was encountered; the remaining patients tolerated the sur¬ 
gical regimen. 

2. The authors’ experience suggests that pleui’opulmonaiy resection and 
bemidiaphragmectomy may pzmve of value in the treatment of primary car¬ 
cinoma of the lung and pleura. 
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PISCUSSION 

DR. \V. KMOKY DURNKTT, riiiladolpliia.—T want to roapnitalato tho c.c'^avi.its on tin' 
lircscntation of an intoorstiiiR ami rallicr iatripuint: I wonM like to tko 

maVipnant catepory oa\y, ami atalo soa\o of oar exporioapo.*; with this. 

■ About threo years npo wp deciilca to tost tl.o vority of tbo pontraimlipation of pleural 

invasion to pneumonoetomy, in the hope that this extension iniplit be tlie only .site of see- 

onilary inva.'ion. The first patient on vvboin we intenileil to try tins bad been diseliarped 
(lurinp my absenee at tbi.s nieetinp, I believe, to a eaneer liospitnl. When I returned and tried 
to pet him baek in. we found he had died the day before of nleleet.a.sis of the opposite lunp, 
but at post-mortem there was no iuN'Usion w-hutever <'f the imsliastinal plands. The only 
seeondary spread was that of the pleura, so that we were eupourapial to hunt out others. 

IVe have attempted total pleureetoiuy for careinonni six tiTue.s with the hope that it mipht 
!>e at least palliative, and the remote possibility that oceassionally it mipht l>o curative. Our 
e.\pprience has definitolv proved that sonn* of these patients have to be nbandoued in the mid¬ 
dle of the operation heeause of the extrt'tne extent ftumd bey‘ond the plctira. That happened 
in three of the six instances in which we tried it. Of the other three in whieh it was eom- 
pleted, one lived only ahout three months thereafter and died of eerebml mclnstnsi.s; the 
lonpcst one lasted nine months and was abh- to po baek to work, and to do what he preatly 

desired, that was some huntiiip and fishinp. llis coarse, however, i.s illustrative of the ia- 

errased morbidity a.s well ns jiossihlc increase in mortality from thi.s tyj>c of procedure. 
Pneumonectomy, tot.nl ploureetomy. nnd hemidiaidirapmeetomy on the ripht side, were done. 
On the fifth or sixth dny he eviscerated his intestinal contents throuph the seventh interspace 
incision. These were replaced nnd packed below the diaphnipm and liver and did not recur, 
but the wound wns rather slow in healinp. lie wns the one. however, who hnd tho be.sl result 
so far. 

I am pleased to note thnt there hnvc been some pntients in this series reported today 
who have gone longer, and wc understand from four months to two years. I would like to 
know how many were for two year.s when the os.sayist returns. 

DR. LOUIS It. DAA’IDSOX, Xew York.—I am sure you will agree with me when 1 say 
Eucli a wholesome and substantial meal as wns served us by Dr. Cotton needs no dessert. Dc- 
cause of this fact, it is with great reluctance that I discuss his paper. 

About the time that Churdiill and Klopslock reported upon lobectomy iii pulmonary 
tuberculosis, it became apparent to tboraeic surgeons that many upper lobes could not l>c 
resected from the chest wall, unless one was willing to risk spillage into and infection of 
the intrapleural space. It was natural, therefore, to seek another avenue of approach in those 
so-called frozen lobes or lungs. For reasons whicb must be quite clear, surgeons who had 
previous training in pathology were quick to use, in part nt least, what is known in the 
autopsy room as the Rokit.ansky technique—that is whnt is now cnllcd extrapleural dissection 
or mobilization. 


At Sea View Hospital, about 400 patients have been submitted to e.xcisionnl surgerv. Of 
this number, about eighty or more have had extrapleural rcscctionnl surgery. I shall confine 
m.v discussion to twenty-nine cases of mixed infection tuberculous empyciim occurring in a 
^ries of 200 consecutive cases of excisional surgery- performed between March 1046 and 
February, 1949. > • > 

■ 4 - surgeons when reporting on mixed infection tuberculous empyema 

maicated mortality figures in the neighborhood of 50 per cent. Dr. Cotton’s figure yon will 
M e, IS lower than tliis. At the time pneumonectomy and pleureetorav were used at Sea View 

< 1 ,!? twenty-nine cases the ultimate mortality rate wns 10..T per cent- 

twee patmts having died. ^ ' 


pneumonectomy and pleurectomy are more difficult for the sureeon ou.t 
^ediately more serious for the patient when compared with the previous method r 
oractotomy, multiple-stage thoracoplasty, and Schede. However with pneumoopot * 
pleurectomy, the end results are far superior. ’ Pneumonectomy and 
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Of the tMciity-niiie cases of mixed infection tuberculous empyema^ ten had bronchopleural 
fistula demonstrated preoperatively. Of the remaining nineteen cases, we hare assumed from 
a pathologic as well as from a clinical viewpoint that all empyemas of this type at one time 
had had bronchopleural fistula. 

SestMs .— 

A. Twenty-four, or 82.7 per cent, are living and well with negative sputum. 

B. Tw'o, or 7.0 per cent, are living and well, but the sputum is positive. 

C. Three, or 10.3 per cent, died. 

Of course, pneumonectomy and jileurectomy prolong the operating time and invite 
a greater loss of blood. However, in another series, we have found that in all types of 
cases having pneumonectom}- and pleurectomy the complications are more frequently 
noted upon the right side. These difficulties in part are: involvement of the superior 
vena cava, -esophageal fistula, trauma to the diaphragm, etc. 

AVheii indications are followed, pneumonectomy and pleurectomy should become a 
well-established procedure yieldiiig exceptional results. 

I enjoyed Dr. Cotton’s presentation very much. 

DE. DAVIGHT E. HARKEN, Boston.—I should like to confine myself to this sec¬ 
tion of the paper that involves what we, in our Clinic, would regard as meddlesome surgery 
for obviously hopelessly inoperable carcinoma of the lung. Our tendency has been to do 
less and less rather than more and more; in other words, to try to make a cleaner, clearer 
distinction between inoperabiiity and operability and to work toward a more specific pro¬ 
cedure consistent with a cancer operation. AA'e have e.xplored the neck and removed lymph 
nodes routinely in an effort to establish inoperability before proceeding with surgery. This 
neck dissection is also useful as a diagnostic maneuver in some instances wliere a diagnosis 
of cancer cannot otherwise be made. In sucli a situation it not only establishes the diag¬ 
nosis but the inoperability thereof. AA'e have, I believe, by this dissection of the neck 
spared some 50 per cent of our patients surgery that was otherwise nonproductive. AA'’e can 
be guilty of errors of commission as well as errors of omission. The excission of malignant 
tumors is not always “palliative.” 

DE. IRA'ING A. SAROT, New York.—The .surgical principle of complete excision has 
been achieved by- pleuropneumoiiectomy- in cases of combined pleuropnbnonary disease in 
tuberculosis, nontuberculous suppuration, and malignancy with secondary suppuration and 
empyema. Dr. Cotton is to be congratulated on extending the applicability of the pro- 
ceduie by demonstrating the feasibility of adjunctive hemidiaphragmectomy. 

Inasmuch as total pneumoiioctoniy and pleurectomy have been discussed here and 
elsewhere, I should like to confine my discus.sion to the treatment of pleuropulmoiiary dis¬ 
ease in which only part of the lung is involved; that is, to the development of subtotal 
resectioxi of the lung with pleurectomy and excision of chronic empyema. 

(Slide.) I have found that even the largest empyemas, whicli may extend over the 
diaphragm and pericardium, the mediastinal pleura about the hilus, and the subjacent 
visceral pleura are not usually involved to any great degree by the inflammatory process, 
as shown in these specimens. This knowledge has been utilized m the development of the 
extrapleural mediastinal approach which facilitates pleuropnbnonary I'esection. 

(Slide.) This sketch illustrates the extrapleural appi'oach to the xininvolved medi¬ 
astinal aspect, or in less extensive localized empyemas, to the less thickened parietal 
pleura a short distance away from the empyema. AATion the thin, relatively iminvolved 
mediastinal pleura is incised, the visceral pleura is exposed and the proper cleavage plane 
is entered in wliich to separate the lung from the overlying thickened parietal pleura and 
the visceral wall of the empyema. In this manner a lobe of the whole lung may be of the 
empyema. In this manner a lobe of the whole lung may be freed (decorticated) from the 
emp.vema, palpated, and inflated to add information to the preoperative clinical and 
radiologic evidence upon which to decide whether a .segment, a lobe, or the entire lung 
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Tmdeau Society, and I am pre-cntinn tl:e samf» series now, i»n:ittin- my more recent cases, 
-'0 that each ]>atient ha* been follo^ved at ie:i>t one and one-half years since operaTion. 
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me per cent, in contrast to the results of treatment by thoracoplastv and Schede 

addition, in one case, a chronic tuberculous empyema was excissed without anv pul- 
monar}' resection and this patient is well. 


DE. COTTON (clofingi.—I wish to reiterate that this paper is a preliniinarr- report 
n answer to Dr. Burnett's fiuestion. the survival rate for the malignant ca=e= i= four 
months to two years: the survival rate for the inaatnmatory eases is six months to four 

“P malignant eases. Fortunatelv. we have 

,luV I>'--y'^™«t -s expenenee in the one case of wound disniption. Alav f thank th! 
discussants tor their comments. * 



THE MANAGEMENT OF THE PATIENT WITH INOPERABLE 
CANCER OP THE CHEST 

Richard H. Meade, Jr., M.D., and Richard A. Rasmussen, M.D. 
Grand Rapids, Mich. 

T he cure of the patieat is obviously our chief aim in the treatment of any 
disease. This is no less true in cancer of the chest. However, it is common 
experience that the majority of patients with this disease are beyond the reach 
of our present methods of curative treatment when first seen by the surgeon. 
In 1948, Churchill,^ in his excellent article on cancer of the lung, quoted the 
results reported by nine authors after 1940, in which 1,950 cases of cancer of 
the lung had been seen. In only 22 per cent were resections possible. More 
recent figures from various parts of the world show very little change (Table 
I), and our own experience in an area new to thoracic surgery has been 


I. Operabiutv op Cancer op the Lung 


AUTHOR 

j TOTAL cases I 

RESECTIONS 

1 per cent 

Mason* 

England (1949) 

1,000 

202 

20.2 

Gagnont 

Toronto (1934-1945) 

224 

49 

21.8 

Overholtt 

(1932-1949) 

721 

200 

. 27.7 

Burnett} 

(1936-1948) 

527 

94 

17.8 

Grahamll 

(1945-1947) 

211 

58 

27,0 

Meade and Kasmussen 
(1947-1951) 

116 

27 

23.3 


*Mason, G. A.: Cancer of tlie Lung:; review of 1,000 Cases, Lancet 3: 587-591, 1949, 
fGagnon, E. E.: Bronchogrenic Carcinoma (12 Year Review and Operative Results), 
Canad. M. A. J, 58: 25-29, 1948. 

tpverholt, R. H., and Schmidt, 1. C.: The Silent Phase of Cancer of the Lung. 
J. A. M. A. 141: 817-821, 1949. 

§Burnett, W. K, Rosemond, G. P.. Hall, J. H.. and Caswell, T.: Carcinoma of the Lung, 
Arch. Surg-. 61 : 1052-1057, 1950. 

IlCrfhham, E. A.: Considerations of Bronchiogenic Carcinoma, Ann. Surg. 132: 176 - 188 , 


similar. We have been able to do resections in 23.3 per cent of 116 patients. 
When we turn to cancer of the esophagus we find it impossible to discover the 
present operability rate. Much has been written in recent years about cancer 
of the esophagus, and operability figures have been given, but they are only in 
terms of the total number of operations and ignore the inoperable cases. The 
extremely low rate of operability found in 1942 by Santy, Ballivert, and 
Berard^ in Prance, six of a total of seventy patients, is in striking contrast 
with the present report of Sweet’s^ experience vdth his private cases since 
1944. He has seen 142 patients ivith cancer of the esophagus and has been able 
to do resections in ninety-two of them (65 per cent), but he adds that many 
of these resections were purely palliative. In our much more limited ex- 

■Rpad before the Thirtr-drst Annual Meeting of the American Association for Thoracic 
Surgery, Atlantic City, N. X, April 16-18, 1951. 
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perience, have been able to do resections in nine of twenty-eight patients 
(32.1 per eent). seen in the last three years. ^S*e believe that this more clearly 
repre.^ents the tnie figure, as we are nnich more likely to see the hopeless cases 
than is Sweet. AVhen one adds to these sites the mediastinum and chest vail, 
no improvement in operability is found. Thus, it is evident that in the ma- 
.iority of our cancer cases the problem is one of the management of the patient 
for whom no curative surgery is available. And again according to Churchill,' 
if we are to maintain our positions as doctors rather than as artisans, the re¬ 
sponsibilities for the care of these patients must be faced. It is the purpose of 
this presentation to consider the basic principles involved, to cite three un¬ 
usual cases of inoperable cancer in which unexpectedly good results were ob¬ 
tained. and to outline a plan for the management of these unfortunate pa¬ 
tients. 



There are many in this audience who can well remember when diabetes 
pernicious anemia were in the same class with inoperable cancer todav 
The dramatic change in the outlook for diabetics foUo^ving the discoverv of 
^ulm w^ never be forgotten by those who first had the opportunitv of ukng 
^ agent. Aor will it be hard to remember the introduction of liver therapv 
lor pemcious anemia. Since then we have seen the great results obtaiS 

r r r 
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cancer? It may not come in our lifetime, but we believe that it is of the ut¬ 
most importance to impress upon the patient with inoperable cancer that 
such a discovery is a real possibility, and that it might come in time to help 
him. If we cannot cure our patients, we must not rob them of hope. 

In the management of patients with cancer of the chest, the first step is of 
great importance. We must prepare the patient to accept whatever treatment 
is finally given as the best in his case. If he is told that he can be cured by 
the removal of his lung, and he later learns that his lung was not removed, he 
is left with no alternatnm but to believe that his ease is hopeless. He must 
be told that while surgical removal is the quiekest method of cure for the suit¬ 
able case, there are certain types of cancer that can best be treated by other 
methods, and that the surgeon can onlj'' make the decision as to the best plan 
of treatment after exploring the cancer at the operation. 



Fig. 2.—Biopsy of esophageal tumor in Case 1 showing a typical squamous-cell carcinonui. 

While it is known that the duration of life with inoperable cancer is 
rarely as long as two years, everyone knows of a case in which all predictions 
for early death were proved false. There are occasional patients which, either 
without any specific treatment or after roentgen therapy, nitrogen mustard or 
other agents, live comfortably for years. It is helpful to tell patients with 
inoperable eaneer about such cases, especially wdien they live in the same com¬ 
munity, or are known to the patient. We have had a number of such ex¬ 
periences, and are briefly reporting here the stories of three of them. 

The most striking example is the case of a 57-year-old man who was op¬ 
erated upon two years ago because of a carcinoma of the esophagus. The 
roentgenogram was typical (Pig. 1), and the biopsy (Fig. 2) showed a 
squamous-cell carcinoma. At operation the lesion was found to be resectable, 
but there were metastases in his liver and a hard mass in the pylorus. It was 
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thought unwise to do a resection. A four-day course of nitrogen innstard" 
was ‘'iven and at six- to eight-week intervals his esophagus was dilated om‘I 
a swallowed striin: l.v means of a Plummer hougie. making it jmssible for him 
to eat and to retimn to his former work. Once, ten weeks after operation, the 
striio' would not pass and it was nece.ssary to pass it through an esopliago- 
scope His -eneral condition has hecn excellent. Kecent examination revealed 
a normal-looking man. The roentgenogram (Fig. S) shows no evidence of the 
former esophageal lesion, and on e.sophagoscopy there was moderate narrow- 
intr hut no tumor could he seen, and hiojisies from the area shoned no c\i- 
deuce of tumor. 



o. Esophacram of patient. Case 1, ^larch, 1951, show'ing^ evidence of return to nearly 

normal appearance. 


The second patient was a woman 82 yeai-s of age who. three yeai-s ago. was 
found to have a carcinoma of the upper esophagus. This* involved the 
pjTiforni sinuses so that an esophagoscope could not he passed. A biopsy 
showed s'-inamous-cell carcinoma (Fig. 4). The roentsenograni (Fit- 5) 
showed the obstruction and marked widening of the esophasotraeheal space 
A gastrostomy was done, and she Avas started on Teropterin and roent-en 
Ueiapy .T The latter Avas soon discontinued because of edema. Tavq days 


each -- <'-1 per Eilo^n, of l,oa.v height, ^ven intravenou.l,- 

tRoeotgen therapy for Ca.=e 2 amounted to 6.f00 roentgen units through three 


portals. 
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later she was started on a fonr-day course of nitrogen mustard. Within two 
days she could swallow, and from then on her swalloAving graduallj’’ returned 
to normal, although she liad to chew her food well. Esophagoscopj" three yeaK 
later revealed marked narrowing so that the instrument could only he passed into 



Fig^. 4.—Biopsy of tumor ailing upper esophagus of patient, Case 2, showing typical squamous- 

cell carcinoma. 





^•*r» 




Fi&. S.-^Roentgenoffram in Case 2, 


showiner marked deformity of upper 
the tracheoesophageal space. 


esophagus and widening 
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the upper inch of esophagus, hut the mucosa appeared normal. This %va.s 
thoimht to he due 1o periesophageal fihrosis due to roentgen therapy. Flu- 
orosc'opic examination revealed no abnormality, hut the barium passed too 
rapidly to allovr good films to he taken. 

The third patient was a GO-year-old man who had a cough and some 
d.vspnea. Roentgenograms (Figs.' 6. 7. and S) showed evidence of marked 
pressure on the anterior tracheal wall, and bronchoscopy revealed the trachea 
to he flattened to a narrow transverse slit uith roughening and induration of 
the mucosa and a broad carina. Xo biopsy was taken for fear of producing 
tracheal ohstniction. lie was told that he had cancer which could not be 
treated surgically, but that he would be given nitrogen mustard. As he knew 



the patient ^vith cancer of the esophagus who had apparently been so dra- 
matieally helped by nitrogen mustard, he was strongly reminded of her case 
He received a four-day course of nitrogen mustard Without noticeable effect" 
Later he was given a second course of nitrogen mustard in preparation for 
roentgen therapy, as it had been pointed out by Kamofskv^ of the Memorial Hos¬ 
pital, Xew York, that this would prevent the development of edema. Eoent-en 
therapy w^ parted two days later and continued without incident until he Ld 
received 10,000 raentgen units. He improved greatly and carried oThL woTt 
ter an x-ray film showed a nearly normal trachea (Fio- 9) and a npo-qtiV 
routme chest film. One month later he developed s^ht an£e edeiS and 
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recurrence of dyspnea. On fluoroseopj’’ the heart was markedly enlarged, and 
he was admitted to the hospital, where he died ten days latei’. Autopsy 
showed extension of his carcinoma downward into the mediastinum and into 
the heart. The trachea, however, was not narrowed. 

It is not the object of this article to discuss the value of the forms of treat¬ 
ment used in the three cases just presented, as it is realized that many others 
have had similar experiences. However, we believe that certain features arc 
worth emphasizing. The first is the use of nitrogen mustard immediately to 
precede roentgen therapy in patients who might suffer fi’om the development 
of edema. This effect was dramatically illustrated in our third ease where 



Fis- 7.—Lateral roentgenogram of patient, Case 3, sliowing evidence of tumor causing marked 
pressure on anterior surface of the trachea. 

edema might have proved fatal. The other form of tlierap.y which we believe 
worth stressing is the use of dilatation of the esophagus in patients with in¬ 
operable cancer. The passage of a Plummer bougie over a pi'eviously swal- 
loAved strung rarely^ causes anj^ trouble, and makes it possible for many of 
these patients to continue to swallow food ujr to the time of their death. 
Vinson,"’ and other bronehoesophagologists, have stressed the great value of 
this procedure for many years, but it is rarely even mentioned in ai-ticles b.v 
others. In our limited experience we have Ireen greatly impre.ssed with its 
value. 

All of these patients were told that they’- had carcinoma. Tliey’ were told 
that their carcinomas could not be treated surgically’ hut that other,fgrm.s of 
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treatment would liclp them, and tlmt tliey had to hope that tJioy might he 
cured, Tlic one patient wlio lias died wa.s al)lc to lead a normal life up to tea 
days before his death, even though lie lived only four montliH after the tumor 
was first recognized. Two of these three patients arc still alive and have ao 
evidence at ])rcsent of their former carcinoma. 

The pi’oblcm of how much to tell a patient with inoperable cancer i.s not 
a simple one, and wo do not believe that any rigid rules can he made. There 
is evidence that cancer jiatienls in general do want to hnow the truth about 
themselves. The studies” made at the Univcr.sity of Minnc.sota .showed that 
practically all of the cancer ])aticnt.s questioned tliere were cmiihatic in their 
desire to know the truth about their orvn conditions, and that they believed 
the groat majority of all eancer patients should be told the truth. iTowever, 
tliis study was concerned with the reaction of the patient to the knowledge 
that he had cancer, not that he had an inoperable tumor. Certainly, the in¬ 
formation about inoperability should not be given until tlie patient has recov¬ 
ered from his operation. To give it earlier might ])rove to be an unbearable 
shock. 'J'he intelligence of fhe jiatient, his tinancial iiosition and the charac¬ 
ter of his family arc all imiiortant factors. To withhold this vital information 
from the head of a family might jirovc di.sastrous to the family. However, we 
are disciwsing the subject only from the s(and])oint of the ))atient. Will he 
be happier knowing the full truth? ]f he has no .symptoims, or can explain 
those he has on the basis of some obvious cause, he will live hap))ily without 
the knowledge of his condition. ]f he has .synijitoms that cannot properly be 
explained without telling him the truth, lie ivill worry more and more about 
himself, and become convinced that his doctor does not realize how sick he is. 
Tie will lose confidence in his doctor and wdll find fault with everyone dealing 
with him, 9’ho.sc who arc told the truth, in our experience, have at once 
changed their attitudes and have .sjient their last days in peace. 

iMthough the ])atients upon whom most of us oiierate are referred by 
other physicians, and after operation are referred back to them, the ro.sponsi- 
bility for their fundamental care sliould remain with the surgeon. He it is 
wlio makes the decision as to the definitive treatment. Wo believe he, rather 
than the family doctor, should toll the patient of his condition, it is fre¬ 
quently impossible for the surgeon to follow his jiaticnts in jierson, but we 
believo that his responsibility as a con.sultant does not end with (he patient’s 
discharge from the hos])ital. ’J’he jiaticnt wdth inoperable c.anecr who is dis¬ 
charged by his surgeon must feel that ids deatli sentence Jias been sealed. The 
knowledge that his .surgeon is still interested in liis case, and is on the alert 
to bring him any hope, will give liim a .sense of security and an o])timistic out¬ 
look that will be of great value. 


CONOLU.SIONS 

JJecause the groat majoril.y of patients with cancer of the chest are not 
s<icn early enough to allow for curative surgery, their management is ol)- 
viously one of the greatest responsibilities of tlie tlioracic surgeon. As the 
use of various forms of nonsurgical treatment have at (imes jiroved of value, 
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^ve believe thev should be used in most cases of inoperable cancer. Fxirther- 
more M-e believe that in general all patients with inoperable cancer of the 
chest' should be told the hasic truth, hut that hope for their recovery must 
never be destroyed. 
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DISCUSSION 


DR. EIGHAED H. ME.\DE, Jr., Grand Eapids, Mich.—It may seem strange to you 
that at this meeting where we are discussing scientific subjects and discussing definitive treat¬ 
ment of patients, we should introduce the subject of the management of the patient with 
inoperable cancer. So far as I can remember, the last time any speaker before this organiru- 
tion mentioned the patient as an individual was in 1934, when Rudolph .lessen of Switzerland 
discussed the treatment of bilateral tuberculosis by means of thoracoplasty. Unfortunately, 
the discussion of that paper was not published, but those of us who heard it will never forget 
the beautiful tribute that Dr. Lambert paid to Dr. Jessen. I am sure that all of us are im¬ 
pressed with the large number of patients with cancer for whom we have no definitive treat¬ 
ment. However, we must remember that they are individuals, and that we owe something 
to them even though we cannot cure them of their disease. 


DR. DE.A.N B. COLE, Richmond, Va,—I am glad to hear this excellent paper, but do 
not agree that all patients with cancer wish to know or should know the diagnosis. We see a 
number of patients who probably suspect they have cancer, but never ask. 

I think it a mistake for the surgeon to be in too great a hurry to inform the patient 
of his diagnosis, and I think he should be especially careful if the referring doctor is to take 
care of the patient during tlie remainder of his illness. It is easy to be scientifically cold¬ 
blooded in passing a death sentence, even though some hope may be held out for a reprieve. 
I think the family should always know the diagnosis. Every possible consideration should 
be given the patient in talking to him or his family. 


DE. GABRIEL P. SELEY, New York.—^I would like to report an experience which we 
have had with three cases recently, which deals with this subject. The first was a 62-Tear-old 
man who was operated upon on the private service of Dr. Aufses. This man had a positive 
biopsy from the trachea and right main bronchus for squamous-cell carcinoma. At the in¬ 
sistence of the medical man this patient was treated with radiotherapy by the grid technique. 
Following a course of radiotherapy, bronchoscopy showed the trachea and bronchus both ne<^- 
ative. Operation was performed, a total pneumonectomy was done, and at that time a tumor 
was noted in the lung, but the mediastinum was clear. The pathologic specimen showed a 
squamous-cell carcinoma of the lung with no involved lymph nodes, and there was stiU residual 
tumor in the upper lobe bronchus. This man developed a rather indolent type of postoperative 
wound infection and empyema, but has done fairly well. 


The second patient was a man 65 years of age, who was operated upon on the service 
of Dr. Touroff. This man had a positive biopsy for carcinoma of the left upper lobe bronchus 
small-cell in tMs case. He had a large mass in the lung and was treated bv radiotheranv in’ 
the si^e manner. The lung mass decreased in size. Bronchoscopy showed a negative bron¬ 
chial biopsy. He was operated upon: a pnenmonectomv was performed At that 
n^d that he had a mass in the lung but the mediastinum was completelv free. In thi Ise 
numerous and careful examinations of the specimen removed have faUed to show . J®'® 
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ncr. llo was a 01-yonr-oId wiio had a six-moiitli Iiistory of carcinoma of the iung. Ife 
liad a positive biopsy, botli from t)ie carina and tlie riglit upper lobe bronchus, for squainons- 
coll careinonia. lie was given iadiotliorap 3 '. He was then rc-bronclioscoped, ami the carina 
was negative. A pnouiuoncctomj’ was j)erfcrmod, a right pneuinonectoni}', at which time a 
mass in tlie lung was noted, but tlio hilii-s was free. The pathologic specimen showed squamous- 
cell carcinoma of tlio lung, but no evidence of endobronchial lesion and no involved l.vmph 
nodes. 

Both tlie latter two patients liad primary union of their wounds, and both have done well. 
This, I think, is anotlier metliod which maj’ be considered, and maj- be employed in order to 
make some of tlicso patients wlio seem to be inoperable, operable. 

DR. ROBER1’ R. SHAB’, Dallas, Te.vas.—In discussing tkis alivaj’s timeh’ paper by Dr. 
Meade and Dr. Rasmussen, I would like to add two instances to tlic raj's of ligkt in the dark 
corner. 

(Slide.) This is a patient whom I snw in October, 1945. I am indebted to the Scott 
and AVhite Clinic of Temple., Te.vas, for the first film. This large shadow in what proved 
to be the anterior portion of the loft chest was thought to be a mediastinal dermoid tumor, 
blit on c.vploration I found that it was a large mass arising in the left upper lobe which had 
invaded the pericardium, I opened the pericardium and found airpro.x'iniatelj' 300 c.c. of 
bloodj’ fluid in the pericardial sac. It was more e.xpcdiciit to take the biopsj’ from within the 
pericardial sac than at an.v other part of the tumor mass, so biopsj’ uas taken from that 
jioiiit. The chest was closed. The situation was explained to her husband, that it was in¬ 
operable, and tliat the progno.sis u-as very bad. I did advise, however, that she have deep 
-x-raj’ thorapj’. This was given, and in the second film j-ou see the result a little more than 
five j'ears later. This patient has lind absolutel.v no recurrence of s.vmptoiiis, and is lending 
an entire!)’ iiorinal life. The only complaint is that she is a bit overweight. 

(Slide.) Tliis is tlio film of a 54-.voar-old man whom I snw in December, 1945, now in 
his sixth yenr. The bronchoscopy was positive for epidermoid carcinoma, the biop.sy being 
taken from the right upper lobe orifice. I advised c.xploration, but at exploration I foinitl 
that the carciiiomn, although not large, had extended up the tracheal wall so that I thought 
it impossible to remove it .safoi.v. The phrenic nerve was involved in the tumor, and I cut 
that because he was having intraetiiblo shoulder pain. After o.xploration, the usual bad prog¬ 
nosis was given to the wife, but I did advise that he iiave x-ray tlierapy. 

In the next film you see the result two months following a course of x-ray tlicrap.V that 
took approximately three necks to give. 

(Slide.) Here we see the result six mouths later when the right upper lobe had com¬ 
pletely broken down in suppuration. He was a thorouglily miserable man, coughing out 
purulent sputum that u'as foul, and running temperature elevation. But gradually he began 
to improve, and tlie last film shows the appearance of his chest for the past three .years. It 
has not changed in three .years ’ time. At the time exploration was done he had just been re¬ 
elected mayor of a small cit.y in east Texas. I made a mental note that ho would not live .out 
his two-)’ear tcini. He did live out his two-year term, but lie. was not feeling too well at that 
time so lie did not run for re-election. However, at the last election he did run, and is now 
m.ayor of the city and is "feeling ver.v well. I am getting quite weary of telling his wife that 
this man can’t live very long. 

Of course these arc exceptions to what wo usually see, but I happen to live in a com¬ 
munity where the radiologic pace is set by a man who believes in carrying x-ray therapy to 
safe limits. In otlier words, ho gives them a good big dose, and the other men working in tJie 
comnumify do the same. It is rather strange to have heard the two very fine presentations 
this moriiiii"’ telling of the exfonsion of the surgical attack upon this disease, and then fliiilk 
of the plea made by the imiial surgeon to the radiologist, not to make these patients too sick 
with their .x-rav therapy, “and please don’t burn the skin, because wo just want to palliate 
the couMi a" little bit.’’ Sometimes I believe if x-ray therapy is carried to its logical con¬ 
clusion, an amazing result may be obtained. 
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DR. PAVL HOLTXGKR, Chicago.—This e-NcolIont jcipcr hy Dr. Mcado and Dr. Ras¬ 
mussen certainly raises some fundamental points and indicate.s. in a way. a justification for 
a sulispeeialtv of broncho-esophagology. The surgeon doing endoscopie work is primarily 
interested in the diagnostic phases of the field: the endoscopic management of the paficiit 
requiring a non.surgieal course of treatment frequently reverts to the otolarvmgologist who is 
doing endoscopic procedures, to the lironcho-esopUagologist. This was emphasized in Dr. 
Olsen’s discussion, when Dr. Tuttle mentioned that surgery may be necessary in benign 
stenotic esophageal lesions because one cannot get anybody to dilate them. 3i)r. Olsen, vou 
recall, answered that verv well by simply staling that for a man who could take out the 
auricles of the heart, dilatation of the esophagus should not be too difiicult. 

Dr. Meade, has stressed the fact that patients with inoperable esophageal carcinoma 
can be treated palliatively by dilatation and by rtientgen therapy. We have used a 
resectoscope technique using a evstoscopic type of resi’ctoscope to reseed the earcinoniatous 
tissue when the lesion is iiKqtcrabh'. thus permitting the jiatient to stvallow in a normal man¬ 
ner. In inoperable carcinoma of the tracheobronchial tree the removal of tumor tissue from 
the trachea with the resectoscope is feasible. Radon seed iinjdantatioii of tumors likewise 
should not be overlooked in otherwise inoperable iintients. Two- to three-year alleviation 
of symptoms in patients with inoperable esojdiage:\l cancer is not at all uncommon under 
such management, and in one case such treatment permitted normal swallowing for six years. 
In the tracheobronchial tree, such luaiiageiiient of tracheal tumors is particularly noteworthy. 
Repeated endoscopie resection of carcinomatous tissue in one inopertible cancer of the trachea 
was done for seven years, stre.'siiig the value of endo.scopic maiiagemeiit of the patient with 
inoperable cancer. 

The danger of such reports is that the broneho-csophagologist is accused of keeping 
patients from the surgeon when the Ic.-^ions are re.sectible. This is not the ease. Tlie broncho- 
esophagologist is just as desirous to refer the patient for surgical removal of these lesions 
when such removal is possible, as the surgeon is to see the patient. I think, however, that the 
management of the inoperable patient which Dr. Meade and Dr. Rasmussen have stresssed. 
should continue with the endoscopic procedures that have been mentioned. 


AIR. W. P. CLELAXD, London, England.—I have been most interested in this discus¬ 
sion, and liave been prompted to tell you a little of ray own experiences in the field of car¬ 
cinoma of the bronchus in connection with x-ray therapy. Three vears a^o a man, an-ed 40 
years, with carcinoma of the bronchus, came to me, and when I bronclioscoped him I found 
a tumor arising in the riglit upper lobe, extend’mg up the right main bronchus practically to 
the carinal level. There was marked subcarinal widening and I considered that, bron'cho- 
scopicaUy, he was inoperable. A biopsy showed an oat-cell carcinoma, and I referred him to an 
x-ray therapist who gave him a radical course of x-ray therapy spread over a period of about 
six weeks. I saw him again about four months later, and his improvement was dramatic * The 
solid upper lobe was completely aerated, he had put on 30 pounds in weight and when I 
bronclioscoped him a second time there was no evidence of tumor in the bronchus I -^ulwe 
quently performed a radical pneumonectomy without anv difiicultv. The <=pecimen failed to 
reveal any macroscopic or microscopic evidence of tumor, but two vears later the man died 
from secondary deposits. 


This prompted me, about eighteen months ago, at the Postgraduate Medical School m 
London, to start a chnwal e.xpenment comb’ming preoperative x-ray therapv with rejection 
During the first twelve months of that experiment 173 patients were referred fer „ - 
and fifty of those were considered to have onlv a nrlninrv loc'r. -n it- ®^=^®^sment, 

deposits either clinicallv or with x-ravs. Tlie interestin'^ thin^' ^ ° secondary 

aU treated radieallv with x-xav therapv ha biS Hie tre e d' 

pneumonectomies have been performed to date on these ease= aTl tb 

were not any greater than in the untreated cases. ’ ^ operative difficulties 
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I would like now to mention a small group of twelve cases who were regarded, before 
x-ray therapy, as being bronchoseopically inoperable. That means either that the growth 
was too close to the trachea, or there was widening below the Carina, to justify a pneumonec¬ 
tomy. Five of those patients subsequently became resectable, and pneumonectomies were 
performed. Their subsequent course has not been very different from the normal pneumonec¬ 
tomy, although one patient has since died from a recurrence in the stump. It is far too soon 
to decide whether this combined treatment is going to be an advance with a longer survival 
rate, but I think the experiment is worth continuing. 

I do not think any mention has been made this morning of the palliation of carcinoma 
of the bronchus, or treating superior mediastinal obstruction or secondary deposits in bone; 
both of the latter respond extraordinarily well to x-ray-therapy, with considerable sjunpiomatic 
improvement, even though it is temporary. 

DB. RASMUSSEN (closing).—M’e wish to thank the discussers. With regard to Dr. 
Cole’s remark, W'e did not mean to imply that he too should not talk to his patient about this 
terrible condition, because he undoubtedly will have more contact \yith him, but it is sometimes 
helpful if both physician and surgeon talk to the patient. 

It is probably unwise to make predictions as to the time of death lest the radiologist or 
someone else afford the patient the advantage of an unusual outcome. 



EADIOACTIVE ISOTOPES IN THE PALLIATIVE MANAGEMENT 
OF CARCINOIMATOSIS OF THE PLEURA 

Edward M. Next, M,D., axd Campbell JIoses, JI.D. (by i>-\aTATiox) 

Pittsburgh, Pa, 


C arcinomatosis of the pleura associated with a profuse effusion repre¬ 
sents one of the complications of malignant neoplasms which is encountered 
■with some frequency. Tlie clinical management of such complications has al- 
wa.vs been difficult and unrewarding if the effusion formed rapidly. Victims 
of this unfortunate situation suffer from recurring, severe djspnea as the pleural 
space inexorably fills with fluid aftei’ each aspiration. The loss of large quanti¬ 
ties of proteui into the effusion increases the wasting and hastens death ma- 
teriallv. Few indi^'iduals live more than weeks once carcinomatosis of the 
pleura becomes established, promded an intractable, lupidly reforming effusion 
is also present. 

The treatment of such effusions has been ineffective in the past. In our 
experience efforts to stop or delay the formation of pleural fluid have been to 
little avail. Roentgen therapy has offered the most benefit, but failure has been 
experienced in the great majority of patients given irradiation therapy by this 
means. Some reasons for this failure are obvious. One cannot irradiate ade¬ 
quately the entire hemithorax of an individual, nor can the rays be directed 
accurately at the areas of pleural implantation, since their precise location is 
unknown and they are usuaUy numerous and scattered widely on both surfaces 
of the pleural ca'vity. 

Radioactive isotopes were considered as a possible source of irradiation 
therapy imder such circumstances, inasmuch as these substances can be injected 
directly into the pleural effusion and thereby irradiate all surfaces of the ca'vity. 
Because of the relatively short range of beta rays in tissue (0.8 to 2 mm. for 
the beta rays from it ■was thought that relatively large doses of radiation 
could be delivered to the pleural surface ■with a minimum of radiation damage 
to adjacent structures. 

At the time this study was begun, no data were available on the absorption, 
excretion, stability, or toxicity of radioactive material administered by the 
intrapleural route. However, premous experience by several groups of workers 
using large doses of in the treatment of thyroid carcinoma had established 
the safety of this procedure both to the patient and attending personnel. For 
these reasons, and because of its ready availability, carrier free I^^i in weak 
basic sodium sulfite solution as suppUed by the Oak Ridge National Laboratory 
was ini tiaRy used in this study. As this woJk progressed, radioactive coUoidal 
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gold (Au”’®) and tagged Imman albumin became available* for investi¬ 
gational use and these isotopes were used in a limited number of patients in 
this series. 

JIATERIAL AND JIETHODS 

Only patients with neoplastic disease and established carcinomatosis of 
the pleura who demonstrated a rapidly forming, intractable pleural effusion 
were emplo3md for these preliminaiy observations. In most instances (14) the 
neoiilasm iva.s of bi-onehogenie oi'igin, in some (4) the primary tumor had been 
carcinoma of the breast, and in one patient the primaiy neoplasm was a fibro¬ 
sarcoma of tlie abdominal wall wliieli liad grown to enormous size over a period 
of seventeen .years and had resulted in extensive intrathoracic metastases with 
intractalile pleural effusion. 

An arbitrary dosage of 10 millieiu-ies of ivas chosen initially for this 
investigation, but this dosage was later increased to as much as 30 millicuries. 
The as obtained from Oak Eidgc was transferred to a hot, sterile screw cap 
bottle of 50 to 100 ml. capacity. This preparation ivas found to be baeterio- 
logieallj' sterile. Under local anesthesia the pleural effusion ivas aspirated as 
completelj^ as possible. During the aspiration the !'■” containing bottle was 
filled with pleural fluid. At the conclusion of the aspiration the containing 
pleural fluid was reinjected into the pleural eavit.y. Tliis fluid was aspirated 
and reinjected sevez-al times in an attempt to deliver all of the isotope into tlie 
pleural space. 

Immediatelj^ after completing the in.jection the operator thoroughly rinsed 
the gloves, syringe, needle, tubing, and stopcock in cold runnijig ivater. If this 
ivashing is promptly’ and thoroughlj’’ done no significant contamination can be 
detected on tlie equipment. 

In most of the patients here reported the urinaiy excretion of isotope m 
the two to five da.vs following its administration ivas determined. Details of 
this excretion studj^ will be provided in a sepai'ate report. However, of the 
tivelve patients receiving in this series on ivhom excretion data was obtained, 
62 per cent of the administered I'®’ was retained forty-eight hours. Althougo 
accurate quantitative determinations of th.yroid uptake ivere not made, un¬ 
doubtedly much of this activity ivas retained in this gland after removal from 
the pleural space. In Case 10, five days after the administration of 25 me. of 
onty eight per cent of the administered radioactivity remained in the 
pleural fluid. When this same subject was given 5 me. of I’®' tagged albumin 
93 per cent ivas retained in the bodj'' five daj’-s after administration and 72 per 
cent ivas retained in the pleural fluid. A similar stud.y with radioactive colloidal 
gold in Case 11 revealed onty 0.47 per cent of the gold appearing in the urine 
in seventj^-two hours, and 23 pei' cent ivas retained in the pleui-al fluid on the 
fifth day. 

RESULTS AND CASE REPORTS 

The results of therap,y, the isotopes with the doses emplo.yed, ajid the tyfies 
of carcinoma present are indicated in Tables I and II. Analysis of these tables 

^hroufflT tlie courtesy of D. L. Tabern. Ph.D., Abbott Laboratories. Ciiicaffo, III. 
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TVBLE I. SCMMAI-.V OK DATA AVAIUMUA; IX THE STUI.V OF FOUETEEX PaTIEXTS A\ HOSE 
PniMAr.Y Cakcixoma Aeose is TIII. H ng 


CASE XO. ' TYFE OF CARCIXOMA 

' lSi:<^TOrE AXI> IK^SAGE ; 


1 

Vnj^ifTorentiatCAl 

; 10 me. 1 

: i 

Fluid cheeked I>ut ohserv:aion lim¬ 
ited to 21 days by death 

O 1 

1 

Epiiicrmoid 

10 me. 

\ i 

Materially iraprovetl. Aspiraiion 
oiilv once in two months of life 
following treatment 

! 

! 

SquaTnou?*ceU 

: 10 me. 1»:> 

Fluid completely checked. Aou 
alive more than 12 months 

^ 1 

( 

1 

P ndifTeroutiniCvl 

:!U iiK”. 

Eflusion materially retanled—As¬ 
pirated twice in 3bj months of life 
after therapy—total 3100 c.c. 
Previously aspirated twice weekly 
average of 2700 c.c. each tin;e 

° 1 

ITuiiiierentinted 

1 10 me. I'-i 

1 

KiTusion completely chct^ked. I-ived 

S months 

6 

Squ:imous-celI 

1 10 me. I'-i* 

1 

Kffu5ion completely checke<l. Lived 

10 months 

i 

Fndi{Teronti:ited 

i iiO me. 1*-* 

j 

1 

Died 17 days after therapy. Can¬ 
not be evaluated 

S 

.^quanious-cell 

j 37.1) me. Au'--' 

i E/Tusion checked. Only C> weeks 
j follow-up 

£1 

Adenocarcinoma 

1 10.2 me. 

1 

1 

i Died 15 days after therapy. Can- 
i net be evaluated 

10 

-Adenocarcinoma 

; 0 me. nllmmin 
! 55 me. 

1 120 me. AuiJ'? 

j 

i Most refractory to treatment of all 
i c.ases. E/Tusion very materially 
i slowed. Xow 4 months post treat- 
j ment 

11 

l'ndilTerentiate<.l 

'( 40 me. AuH‘F 

1 

i Died 13 days after therapy. Can- 
j not bo evaluated 

12 

irqiiamous-cell 

) 2.475 me. Imi 
! in scrum all'umin 

i Effn.rion conspletch' cheeked. Alive 

1 Obi months 

13 



; Effusion completely checked. Died 

I 2 months 

14 

I'ndiffcrentiated 

; 20 mo, I*3i 

Effusion completely checked. Alive 

1 4 montlis 


Table II. SvMMAr.y of D.\ta ix the Stepy of Four. Patiexts i.v Whom the Pf.imaey 

CaECIXOMA AKOSE IX A Br.EAST -VXD OF OXE P.ATIEXT WHOSE PniMAJlY TUMOR lYAS A 
MyXOFIBEOSARCOMA OF THE ARTERIOR AEPOMIXAL WaLL 


Case xo. 

^ TYPE OF CAECIXOJLY 1 
1 BREAST 1 

ISOTOPE AXT) POSACE j 

r.ESCLTS 

15 

Adenocarcinoma 

; 10 me, . 

! I 

Completely checked effusion. Died 
in 4 months 

16 

Adenocarcinoma 

j 

; 20 me. D31 i 

, each pleural cavity j 

Bilateral pleural effusion. Xo fur¬ 
ther aspirations required after 
therapy but pleural spaces were 
not dry. Died 31,4 montlis after 
therapy 

17 

j Adenocarcinoma 

! oO me. ' 

Completely checked effusion. Alive 

2 months 

IS 

1 Adenocarcinoma 

i ■ 

■ IS.oS me. Dsi ! 

i 

1 ! 

Ao further aspirations required. 

Pleural cavity not dry. Died 4 

1 months after therapv 


1 M^'A■o-Sbrosa^coma 

1 10 me. list j 

1 

j Completely cheeked effusion. See 
ease report. Died Obi months 
i after therapy 
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shows that of the fourteen patients shown in Table I, three died too soon after 
therapy to be useful in evaluating results. However, in no instance was the 
pleural effusion a factor in the death of the patient, and, the effusion in each 
case appeared to be checked or greatly retarded. In three instances, the results 
would be classified as fair since fiuid did reaccmnulate in sufficient quantity to 
require aspiration at least once after the immediate post-therapy interval. In 
eight patients, the effusion ivas promptly and completely cheeked. The results 
shown in Table II are those obtained in four patients, all women, who had the 
primary carcinoma in a breast, and in one patient whose primary lesion was a 
mj^xofibrosarcoma of the anterior abdominal wall. The results were good in 
each instance, although two of the patients continued to have small amounts 
of pleural fluid until death. 



Fig:. 1.—Chest film demonstrating: rig'ht pleural effusion in patient designated in text as Case 1. 

A bl’ief description of the first patient treated by this technique in this 
investigation is presented: J. W., a white man 62 years of age, was admitted 
to the hospital complaining of severe dyspnea. The clinical findings were those 
of right-sided pleural effusion, and these wmre confirmed by a roentgenogram 
of the chest (Fig. 1). Thoracentesis yielded 500 c.c. of bloodj’^ pleural fluid, 
and at the conclusion of the aspiration the pleural space had not been emptied. 
Keaccumulation of the pleural fluid was so rapid that aspiration was required 
at frequent intervals and 4,230 c.c. ivere removed over a period of seven days. 
Carcinoma cells were found to be present in the pleural fluid (Fig. 2), and upon 
bronchoscopy a neoplasm was seen in the right intermediate bronchus (Fig. 3). 
Biopsy of this lesion revealed an undifferentiated carcinoma. On the fourteenth 
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hospital dav a sinule dose of 10 me. of radioactive iodine injected into ^ 
riZt pleural eaviiv, and studies of the rate of excretion ot the^ismope ravealed 
that 64 per cent had been excreted in the urine during the first lorty-eight houre 
iimnedlatelv tollovring injection, mile our firat reaction to this 
teas one of disappointment and belief that the isotope had been excreted too 
quicklr to have been elective, such ivas not the case. The patient did again 
present sisns and sATnptonvs indicating a need for thoracentesis. H^ever, 
numerous subsequent aspirations vrere performed for study purposes. During 



Fig. A—Carcinoma cells in the pleural fluia. Ca^e 1. (X310.) 

the first five days after treatment 4.4.50 c.c. of blood-tinged fluid -were i-emoved 
from the pleural space, and on the succeeding davs until death "dry taps" 
were experienced. Twenty-one days after treatment the patient died.' and an 
autopsy was performed. Although there were extensive metastases to the 
surfaces of the pleural cavity, only a small volume of fluid was present lliero- 
seopie examination of the metastatic implants on the pleura revealed cytolo<dcal 
changes in the superficial layers of carcinoma eeUs indicative of cell death 
(Fig. 4). Additional autopsy findings included the presence of extensive metas 
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tases to the pcTibi-oocliial aod mediastinal Jynipli nodes, tlie periaortic IjTiipli 
nodes, the diapliragm, the liver, the right adrenal, and to the celiac lymph nodes. 

A typical good result can he shown hy the presentation of Case 2; A 58- 
.year-old woman who had been the victim of an intractable right pleural effusion 
was admitted to the hosjhtal with a history of I’epeated thoracentesis during the 
five weeks immediately preceding hospitalization. A total of 18,000 c.c. of 
blood-tinged pleural fluid had been removed, and eytological studies of the fluid 



Fig. 3.—Bronchoscopic biopsy from patient in Case 1 revealing undifferentiated carcinoma. 

(X150.) 

revealed carcinoma cells (P'ig. 5). Upon admission to the hospital the right 
pleural space was filled witli fluid (Fig. 6), and the patient was suffering pro¬ 
nounced dyspnea and displaying moderate cyanosis. Bronchoscopy revealed 
a neoplasm which partially obstructed the riglit loiver lobe bronchus, and a 
biopsy revealed carcinoma (Pfig. 7), A single injection of 10 me. of was 
followed by a cessation of the effusion, and further aspirations wei’e not re¬ 
quired. The patient lived for nine and one-half months, and autopsy confirmed 
the diagnosis of hi'oncliogenic carcinoma with metastases to the pleura. 





Fip. 4.— A. Photomicrograph of pleural surface 55i>eci!iun removed at autopsy in Case 1. 
Changes in the surface cells of the carcinomatous implants are visible. (X75.) 

B. Higher power pliotomicrotrrapU of surface cells of carcinomatous implant. (Autopsy 
specimen. Case 1, X275.) 














* . 


..Fig. 5.—Carcinoma cell.s found in pleural 


flwid, Case 2. (XofO.) 
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tases to tlie periliToncliial and mediastinal lympli nodes, the periaortic lympli 
nodes, tlie diapliragm, tlie liver, the riglit adrenal, and to the celiac Ijnnph nodes. 

A typical good result can lie .shown by the presentation of Case 2: A 58- 
year-old woman who had been the victim of an intractable right pleural effusion 
was admitted to the hospital with a history of repeated thoracentesis during the 
five weeks immediately preceding hospitalization. A total of 18,000 c.c. of 
blood-tinged pleural fluid had been removed, and cytological studies of the fluid 



Fig. 3.—Bronclioscopic biopsy from patient in Case 1 revealing- undifferentiated carcinoma. 

<X150.) 


revealed carcinoma cells (Fig. 5). Upon admission to the hospital the right 
pleural space ivas filled witli fluid (Fig. 6), and the patient was suffering piO' 
nounced dyspnea and displaying moderate cyanosis. Bronclioscopj* revea e 
a neoplasm which partially obstructed the right lower lobe bronchus, and a 
biopsy revealed carcinoma (Fig. 7). A single injection of 10 me. of I 
followed by a cessation of the effusion, and further aspirations were not le- 
quired. The patient lived for nine and one-half mouths, and autops}' confiiniec 
the diagnosis of bronehogenie carcinoma tvitli metastases to the pleura. 




-'ijrrac.' s|H-ciiii. n romoveil at aiitop?y in Case I 

.Autopsi 
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Case 3 is presented because of the unusual history and because of the fact 
that this patient presented a very large myxofibrosarcoma of the abdominarTvall 
which had metastasized to the lungs and pleura. The patient, a 66-year-oH man, 
was admitted to the hospital complaining of severe dyspnea and orthopnea. 
Physical signs and a chest film (Pig. 8) indicated the presence of a massive 
left pleural effusion and a total of 7,000 c.e. was aspirated during the first four 
days of hospitalization. A very large, nodular, firm mass was present on the 
anterior abdominal wall which was not fixed to the muscles, and which ap¬ 
peared to have arisen in the subcutaneous tissues. The patient first noticed a 
small mass at this point seventeen j^ears previouslj^ and gave the history that 
it had grown slowly during tlie interval to reaeli great size, but there never had 



Figr. G.—Chest film demonstrating^ massive right pleural effusion, Case 2, 

been pain or other discoinfoi’t. This mass was removed and was found to be 
a myxofibi’osarcoma of the subcutaneous layer (Pig. 9). In an effort to chec' 
the rapidly forming pleural effusion, 10 me. of was injected into the le t 
pleural space. No further aspirations were necessary and the pleural nui 
disappeared, revealing a large intrathoracic mass on the roentgenogram (F^- 
10). The patient resumed his occupation and worked for six months. At t e 
end of this period, a rapid decline took place, and death occurred in two weete. 
Autopsy findings demonstrated the presence of the massive tumor in the left 
lung (Fig. 11)) multiple smaller metastases in both lungs, and widely dissemi¬ 
nated metastases throughout the body. Microscopic examination of these masses 
(Fig. 12) led to the opinion that they represented metastases from the abdominal 
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Fig. S.-Extensive left pleural efEusion. Case 3. 
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sarcoma; however, the cell patterns Avere not entirely comparahle to the fiiicliiigs 
in the abdominal wall tumor. 

The doses of radioisotopes used in this study have not produced evidence.s 
of toxicity in any patients. There huA'e been no instanees of radiation sickness, 
and no anemia or leueopenia has been observed to date. While the single dose 
employed in most patients was not large, one patient in this series (Case 10) was 
given several treatments and a fairlj’ large amount of radioactivity. This pa¬ 
tient Avas most refraetoi'y to this t.A'jie of therapy. A veiy profuse, extremely 



Fig. 9.—Micrographic picture of primary flbrosarcoma of abdominal wail in Case 3. 

bloody effusion was present which responded A-ery sloAAd.y, so tliat over a period 
of seven Aveeks one injection of tagged serum allnimin (5 me.), tliree injections 
of (totaling 55 me.) and a single injection of An'"® (20 me.) Avere gAen. 
In the folloAving tAVO months the patient Avas aspirated on tAVO occasions for a 
total yield of 1,170 c.c., so that another dose of isoto])e tlierap.y Avas decided 
upon. At this time 100 me. of Aid®® Avas emploA-ed, the lai-gest dosage any pa¬ 
tient had been giAmn singly or eumulatiA-ely. No toxic manifestations liaA'e de- 

A'eloped in this man. 
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■ DISCUSSION 

Because of the rapid disappearance of the 1“^ from the pleural space, it 
is difficult to explain why the beneficial response occurred. It seems unlikely 
that a beta ray tissue dosage large enough to cause severe destruction of tumor 
cells was delivered. However, there can be no doubt that fluid production was 
markedly retarded or stopped. Perhaps this can be accomplished with beta 
radiation dosage much smaller than that necessary to cause tissue destruction. 
In Case 9 assay of the residual radioactivity in a sample of pleural tissue taken 
at autopsy revealed an I‘®^ concentration of 0.23 me. per gram of tissue. Be¬ 
cause of the indeterminate location of metastatic implants, it is impossible to 
calculate the distance betiveen the pleural isotope and the lesion and, therefore, 
the amount of radiation received by the tissue cannot be.reported in roentgens 
or roentgen equivalents. Additional experimental wmrk is currently in progress 
in an attempt to determine the optimum radiation dosage and most suitable 
isotope for this type of therapJ^ 



Fig. 12.—Bone marrmv metastases found at autopsy. Case 3. 


SUMMARY 

1. A preliminary report on the first nineteen cases of pleural effusion due 
to metastatic carcinoma treated by the local injection of radioactive isotopes 
into the pleural space is presented. 

2. Three of these patients died too soon after therapy to evaluate the re¬ 
sults and in three patients the formation of pleural fluid wms definitely retarded 
but not entirely cheeked. In thirteen patients of this series with metastatic 
carcinoma the formation of pleural fluid was completely cheeked by the ad¬ 
ministration of radioactive iodine, iodine tagged albumin, or radioactive col¬ 
loidal gold. 
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3. No toxic manifestations from the administration of the isotopes were 


noted in this series. 


DISCUSSION 


DE. J. KAEL POPPE, Portland, Ore.-Dr. Kent and Dr. Moses are to be congratulated 
on this Terr careful work which represents a great deal of effort I am sure, because Dr. 
Julius Hes'iel and I undertook somewhat similar studies with insoluble redioactire ferric 
phosphate at the University of Oregon Medical School several years ago. This experimental 
work was confined to dogs and never reached the clinical stage because it seemed impossible 
to standardize the radioactivity of the ferric phosphate sufficiently to determine its minimal 
lethal or maximum effective dose. Due to the amphoteric nature of the phosphorus, the 
colloidal solution of ferric phosphate had a very vague end point on titration. It was very 
disturbing to discover that up to 50 per cent of the radioactivity of the original phosphor^ 
was being lost in the supranatant fluid rather than being retained in the insoluble ferric 
phosphate suspension as was desired. 

The original purpose in injecting this suspension of insoluble ferric phosphate into the 
pleural cavity was to irradiate the peribronchial nodes. The ferric phosphate was very easy 
to foUow with iron stains on histologic sections, showing that the ferric phosphate was de¬ 


posited in the peribronchial nodes. The radioactivity of these nodes was adequately demon¬ 
strated by autoradiographs. However, it seemed impossible to obtain a sufficient concentra¬ 
tion of radioactivitv- in the nodes to destroy completely even a normal Imph node, not to 
speak of a node containing a large area of metastatic carcinoma. The normal morphologj' 
and histology of the node would be altered and the germinal centers eliminated, but some 
lymphatic tissue would always remain intact. 

The use of radioactive material injected in the pleural cavity would seem to have definite 
advantages in maintaining a high concentration of irradiation around the pleural metastases 
if a completely insoluble substance is used which will not escape into the blood stream, liver, 
and bone'marrow. 


DE. EAX.PH D. ALLET, New Haven, Conn.—^Dr. Kent has mentioned difficulty ex¬ 
perienced in the total evacuation of serous effusions by ordinary thoracentesis teclmique, and 
I have a technical suggestion to offer based on some experience we have had in our chest 
service in New Haven. 


IVe have developed an embellishment of the usual thoracentesis technique wherein a 
No. 14 needle is used in the usual manner through which is threaded a vinyl plastic tubing 
which just fits inside the diameter of the No. 14 needle, wliich can then be threaded down 
into the costophrenic sinus and total evacuation of any serous effusion carried out. I men¬ 
tion this because it may be helpful in his studies. 


DE. AIiFEED GOLDMAN, Beverly HiUs, Calif.—I think the authors of this paper are 
to be congratulated for discussion of something which seems to hold a lot of promise. About 
five years ago, working in Dr. John Lawrence's laboratory, we determined that simple solu¬ 
tions of radioactive phosphorus disappeared from the pleural cavity of dogs in a few hours. 
-About two years ago at The Cedars of Lebanon Hospital, working with Dr. Henry Jaffe in 
the Department of Kadiology, we began to use radioactive phosphorus in simple and col¬ 
loidal solutions for pleural effusions due to carcinoma. About thirtv patients have been 
treated. The same type of irregular result was noted by us as mentioned bv Dr Kent Some 
patients seemed to get a marked dramatic response; others got no response We then began 
to use radioactive gold (Amss) for not only pleural effusion but in postoperative patieS^ 
^ far SIX such patients have been treated. One patient developed a bronchopleural fisMa 
about four weefe after instillation of radioactive gold, and that was sathfacTorilv di^ 
Radioactive gold does not leave the pleural cavitv readilv n«a Anaa a* 4 ^ 

-Also, it does not show itself in the" eld offir k; i^diotkve ener^ fPhosphorus, 
instead of Beta rays only. Gamma rays are 'emitted! ktrSesTai^up £ eXdM 
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tion and fix it, so that although the liver is one of the points where fixation occurs, the tissues 
of the pleural cavity and mediastinum seem to be also a strong point of fixation of the col¬ 
loidal gold. 

As noted by Dr. Kent, very little is excreted in the urine. It seemed to us that this 
method might be useful in treating the patient in whom you have left behind some tumor 
in the mediastinum or pleura following resection. We encountered tlie same difficulties in 
calculating the tumor dose as mentioned by other speakers. The dosage usually was 22 me. 
in about 30 c.c. of solution of the radioactive gold. In one patient with effusion with an 
inoperable carcinoma, we put 50 me. of radioactive gold in the pleural cavity. So far we 
have seen no effect radiologically after three months, but the tendency to formation of fluid 
has been lost. This patient developed bone marrow depression; this may be seen at about 
six weeks after intrapleural instillation. 

DE. MOSES (closing).—Dr. Kent and I would like to thank Dr. Poppe and Dr. Alley 
for their comments, and Dr. Alley for his suggestion as to methods of evacuating the pleura 
more completely. We would like to emphasize that we do not know why these isotopes exert 
this effect on the pleural effusion. Certainly' the radiation effects are not sufficient to destroy 
the metastatic lesions. We raise the question that perhaps tissue dosages that are inade¬ 
quate to destroy the carcinomatous implants but still exert some effect on them may cause 
sufficient damage to prevent the recurrent formation of pleural fluid. 

As to the choice of isotope, we are quite certain now that although most of our cases 
receive ordinary Ii3i, this is not the optimum form of therapy, and we are quite enthusiastic 
about the value of colloidal gold and also of iodinated serum albumin. The colloidal gold, 
as Dr. Goldman indicated, is picked up by the lymph nodes and by the liver parenchyma, and 
we currently have in progress studies to attempt to determine just wdiat dosage of colloidal 
gold and iodinated albumin will be most effective in eradicating experimental carcinoma and, 
in particular, how' high the dosage can be raised w'ithout deleterious effect locally' and on 
the liver and other vital structures. 



identification of ebgional ltmph nodes in the 

TKEAT]\IENT OF BRONCHIOGENIC CAECINO^IA 

Joseph A. 'Weixberg, M.D. 

Loxg Be.vch, Cauf. 


C ARCINOJIA is essentially a local disease in its early manifestations. It 
tends to be confined to the region of its origin and to the lymphatics •which 
receive Ivmph from the involved organ. Therefore, a prime consideration in 
the snraical treatment of cancer is the thorough removal of the regional lym¬ 
phatics. The importance of this principle of treatment is recognized^ and prac¬ 
ticed in most situations in which cancer occurs, but it has received litt.e atten¬ 
tion in the surgical treatment of cancer of the lung. In a pei-sonal communica¬ 
tion published in Taylor and Nathamson's monograph on ‘‘Lymph Node IMetas- 
tases'’ in 194‘2, Churchill and Adams stated “the surgery of carcinoma of the 
lung, so far as the problem of metastases is concerned, is comparable to the 
treatment of carcinoma of the breast by simple mastectomy. ’' The authors of 
the monograpli go on to say, “technical advances ndll proliably make the opera¬ 
tion safer and may permit removal of most of the nodes likely to harbor metas¬ 
tases. Although the prospect is discouraging because of the inaccessibility of 
the node metastases, and the frequency "rvith which they occur, these are the 
avenues Avhich are open to progress.Although it is almost a decade since 
these statements appeared, little or no progress has been made in this direction, 
I have been unable to find in the literature more than casual remarlcs to the 
effect that the regional nodes should be removed in pulmonary resection for 
bronehiogenic cancer, except the excellent description of the nodes given by 
Tuttle and "Womack in 1934,= and the reference to the removal of specific groups 
of nodes contained in Jones" article published in 1947.^ 

During the past two and one-half years I have been studjing the arrange¬ 
ment of the regional lymphatics of the lung by means of vital staining during 
surgery.^ This study, augmented by studies of the pattern of lymph node 
metastases in cases of advanced bronehiogenic cancer, and reviews of the de¬ 
tailed descriptions of the hTnphaties of the thorax made by Bouviere^ and 
Deiamere, Poirier, and Cuneo,'^ has resulted in the establishment of a technique 
which permits the exposure and removal of the several groups of lymph nodes 
each side of the thorax which are most likely to be affected by metastases. 
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Tlie procedure of vital staining of the thoracic lymphatics consists of the 
injection of pontamine sky blue into the lung as soon as the hemithorax is 
opened and the diagnosis is established. The dye is seen in the regional nodes 
within a few minutes after the injection is made. In some instances the stain¬ 
ing of the nodes is preceded by blue streaking along the lymphatic channels. 
The vital staining makes it possible to recognize the location of the various 
groups of nodes which receive Ijnnph from the lung. While most of the thoracic 
nodes can be recognized by their anthracotic pigmentation, this is not always 
sufficient for easj" identification because of the tendency of the dust particles 
to be concentrated in the more central portion of the nodes. This tendency, 
together with the obscuration bj'' the unpigmented capsule of the nodes and the 
“camouflaging” resulting from scattered anthracotic pigmentation in the peri- 
nodal tissues, often make recognition of very small nodes or deeply placed nodes 
difficult or impossible. The dye does not stain carcinomatous tissue, and stained 
nodes which contain deposits of malignant cells reveal the uncolored cancerous 
deposits against the blue background. 

Pontamine sky blue, which is used for the vital staining, has the advantage 
of being only slightly diffusible when it is injected into the tissues. It tends 
to remain in the area in which the injection is made unless it is picked up by 
the lymphatic circulation. Once it is deposited in a Ijunph node it tends to 
remain there. Hyaluronidase (Wydase*) is added to the dye solution to ac¬ 
celerate its uptake bj^ the lymphatics. The dye has no toxic effects in more than 
one thousand times the quantitj^ used clinically for vital staining as determined 
by animal experiments.^ 

The only deleterious effect we have seen is the occasional slight pigmenta¬ 
tion of the skin which probably results from accidental injection of the dye 
into a blood vessel. In the several cases in which tliis occurred the skin as¬ 
sumed a cyanotic appearance which cleared up in several days to a few weeks. 
It has never been a troublesome complication. 

The technique of the staining procedure is carried out in the following 
maimer. Five cubic centimeters of a 4 per cent solution of pontamine sky blue 
in distilled water is mixed ivith thirtj'- units of Wydase. Three to five cubic 
centimeters of the mixture is injected superficially and deeply in the circum¬ 
ference of the pulmonaiy tissue near the root of the lung. Some of the dye is 
also injected against and into the wall of the main bronchus. Nodes and 
l;\Tnphatic vessels are seen to be stained wdthin one or two minutes after the 
injection is made, but the staining of the more distant nodes is usually not ap¬ 
parent until ten to twenty minutes have elapsed. Excursions of the lung in¬ 
duced by the anesthetist at this stage accelerate the movement of the dye toward 
the lympii nodes. It is well to wait ten minutes or so after the injection before 
proceeding with the dissection in order to allow the dye to reach the more dis¬ 
tant nodes. In the meantime one examines the mediastinum to determine the 
gross extent of cancer invasion. 

Ta product of Wyeth Incorporated. Philadelphia, Po. 
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Fig. 2A,—Anterior view ot regional lymph nodes of lungs and bronchi. IK-para- 
subclavian; 2R—para-innominate: SR—^p,aratrachcal; 4R—anterior mediastinal; 5K—lower 
paratracheal: 6R—azygo.s; 7R—liilar; SR—nodes along phrenic nerve: .°R—nodes of pul¬ 
monary ligament. 

Left Side—if.—parasuhclavian ; iL —para-innominate; SL—paratracheal: IL—anterior 
mediastinal; 5L—aortic window; —hilar; ~T. —node.s of pulmonarj- ligament; SL—nodes 
along phrenic nerve. 



. Fig- 2R..—^Posterior view 
tenor mediastinal; TR —aright 
carinal; 1 1 .—para-esophageal. 


of regional lymph nodes ot lung 
hilar; ,L —nodes of left pulmonan 


and bronchi. JX —'lett 
ligament; fO—midline. 


an- 

sub- 
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There has been no uniformity of success in staining the various groups of 
nodes. Sometimes an exeellent injection of most of the groups of nodes is ob¬ 
tained; at other times only a few of the nodes take the stain. j\Iany factors 
participate in determining the distribution of the dye. Probably the most im¬ 
portant is the blockage of l^unphatic pathwa 3 fs with carcinomatous tissue. 
Another is the presence of inflammatoiy changes ivhieh act as a barrier to the 
passage of the dye. Possiblj'^ a third is occasional departure from the usual 
injection technique. With improvement in the technique, successful staining 
of the nodes occurs with greater frequencjL The procedure of vital staining has 
been used in seventeen cases of pneumonectomy, in five cases of lobectomy and 
in sixteen cases of simple exploration for malignancjq and in twenty cases of 
other t.ypes of surgical disease of the lung. At one time or another, all of the 
groups of regional nodes, which have been described bj"^ Euviere® and by 
Delamere and his associates” in their complete monographs on the anatomj'^ of 
the IjTOphatics, have been visualized. Vital staining of nodes has been seen 
in the opposite liemithorax in two eases in which death occurred within eleven 
days after surgeiy. Tliis cross-staining occurred through the subcarinal and 
anterior mediastinal nodes. The nodes which have been stained also correspond 
closelj’’ to the pattern of tlie metastatic spread seen in individuals succumbing 
to bronchiogenic cancer. 

Studies made on cadavers demonstrate that it is possible to remove most 
of the groups of regional nodes within the hemithorax with relative safety, and 
that in most instances it is possible to remove the nodes in continuitj’’ with the 
lung. We have altered our technique of pneumonectomy in several respects in 
order to accomplish this. 

The approaches which permit the exposure of the several groups of nodes 
in each hemithorax will be described with the techniques for right and left 
radical pneumonectomj^ Our preference is to attack the most peripheral groups 
first, and to cany tlie dissection towai-d tJie JiiJum without interruption. This 
procedure has the advantage of lessening tlie opportunit.v for embolic cancer 
cells. It also results in better exposui-e of the great vessels of the pedicle b.v 
first removing the Ij^mph nodes and adventitia wliich obscure them. A lateral 
approach is made through the fiftJi interspace, as this gives a better exposure 
of all sides of the root of the lung than is obtainable with an anterior or pos¬ 
terior approach. 

RIGHT RADICAL PNEUJIONECTOMY 

A longitudinal incision is made in the mediastinal pleura from the cupula 
to the azj^gos vein along the lateral margin of the superior I'ena cava. The 
nodes and adventitia on the under side of the subclavian vein (JA) and the 
nodes at the junction of the innominate veins (£R) are freed b.v shai-p and 
gentle blunt dissection. 

The dissection of the nodes and adventitia is continued downward en bloc 
to include the paratraeheal (5/f) para-esophageal (M) and anterior mediastinal 
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nodes (JB). Most of thU disseetion is faciUtoted by retroeting the snperior 

rein is renehed, this vessel is divided bettr^n I 
close to the snperio’r Venn earn, and the vena cava is retracted to the Icrt to ev- 
nn-P the important sroup of paratraeheal nodes (off) tehioh lie in the space 
Lt^reen the snperior^ena cava anteriorly, the trachea and the right pnlmonary 



Fig. 3.—^Right radical pneumonectomy Yvith inclusion of regional lymph nodes. Arrow 
points to primary- lesion in middle lohe bronchus, i —^hilar nodes; 2—nodes of pulmonary- 
ligament and paraesophageal nodes: 3—nodes along phrenic nerve; >—axy^s nodes: 5 —^para- 
tracheal and paraesophageal; 5—nodes along right subcla^ian and innominate veins: 7—sub- 
carinal nodes. 


artery posteriorly, and the aortic arch to the left. The block dissection is con¬ 
tinued downward toward the hiluni to include this group and, at the same time, 
the nodes around the termination of the azygos vein (6ff). 

The right pulmonary artery which has been well exposed as a result of the 
preceding dissection is now doubly ligated proximally and distally. and is di¬ 
vided proximal to its branching. After dividing the mediastinal' pleura over 
the anterior part of the pulmonary root, the hilar nodes (?ff) and adventitia 
are thorougHy removed in this region and are left in eontinuitv with the lunf^ 
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At this stage of the operation the exposed main bronchus is clamped to 
prevent the passage of secretions into the contralateral lung. 

The phrenic nerve and the nodes along its course (SR) are removed with 
the vessels and areolar tissue accompan 3 dng the nerve. Although the direction 
of lymph flow is from the diaphragm toward the tracheobronchial nodes, the 
lymph vessels aecompan.^ung tlie nerve frequentlj" show staining with the vital 
dye, and metastases have been seen in nodes along the phrenic nerve on several 
occasions. For these reasons it is advisable to remove these structures routinely. 

The anterior and posterior leaves of the pulmonarv ligament are divided 
close to the mediastinum in order to remove the nodes of the pulmonary liga¬ 
ment (9R) and the local paraesophageal nodes. In accomplishing this, the 
nodes and adventitia are maintained in continuity with the lung. 

The inferior and superior pulmonarj' veins are ligated and divided close 
to the pericardium, care being exercised to dissect awaj’^ the hilar nodes in this 
region and maintain their continuity with the lung. If the pulmonary veins are 
short and there is diflfieulty in dividing them, it is better to divide them within 
the pericardial sac ratlier than tlii’ough their tributaries; otherwise one will 
have difficulty in including all of the hilar nodes with the resected specimen. 

The lung is now retracted lateralward and upward in order to expose and 
remove the subcarinal nodes (10 midline). It is usuallj" possible to remove all 
of these nodes well onto the under side of the left main bi’onehus. The nodes on 
the posterior aspect of the root of the lung are exposed b?^ removing the medi¬ 
astinal pleura from the posterior surface of the pedicle if this lias not already 
been done. This Avill also expose the paraesophageal nodes (llR) hying above 
and belo^v the level of the main broncluis. The esophageal nodes are not as 
likety to be involved as others, li.ut, liaving seen them take up the dye, and 
having seen them involved with malignancy, we make it a practice to remove 
them together wdth tlie nodes on the posterior aspect of the pulmonaiy root. 

The bronchus is now divided close to the trachea, and the stump is closed 
with interrupted sutures. Careful inspection is made for bleeding, particular y 
for bleeding from small vessels wdiicli have been interrupted during the removal 
of groups of Ijrniph nodes. After it is ascertained that the field is dry, the inter¬ 
costal incision is closed without drainage. 

LEFT RADICAL PNEUMONECTOMY 

The general plan of resection is the same as for right radical jineumonec- 
tomy, the differences being that there is a veiy important gi'onp of nodes within 
the “aortic window’’ to deal with on the left side, and there is no vessel which 
corresponds to the superior vena eaim. 

The mediastinal pleura is incised from the cuimla to the upper limit of 
the pulmonary root. The left subclavian (IL) and innominate paravenous 
nodes (2L) arc excised in the manner which has been described for the right 
side and the dissection is continued towmrd the hilum, including the para- 
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traclieal (5L) and anterior mediastinal nodes {4L). A node is almost alvravs 
found on the dome of the arch of the aorta near the origin of the left subclavian 
artery. 

The nodes in the “aortic uindon-/- the space nithin the arch of the aorta 
bounded inferiorly by the left pulmonary artery, are thoroughly removed (oL). 
This group of nodes commonly receives metastases, particnlarly if the left upper 
lobe bronchus or main bronchus is the source of the malignancy. This dissection 
is performed by first dividing the ligamentnm arteriosum between ligatures in 
order to obtain a free approach to the depth of the space. The nodes are re¬ 
moved together with those over the left pulmonarj' artery and bronchus. These 
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dissection within the arch of the aorta' ^ 

safe for the control of bleedinn from smS vLeWvT ‘^•°^3ered 

rr 5" --“STS; 


522 


THE JOURNAL OF THORACIC SURGERY 


At this Stage of the operation the exposed main bronelms is clamped to 
prevent the passage of secretions into the contralateral lung. 

The phrenic nerve and the nodes along its course (8B) are removed with 
the vessels and ai'eolar tissue aeeompan 3 dng the nerve. Although the direction 
of lymph flow is from the diaphragm toward the tracheobronchial nodes, the 
l,ymph vessels accompan.ving the nerve frequentlj^ show staining ivith the vital 
djm, and metastases have been seen in nodes along the phrenic nerve on several 
occasions. For these reasons it is advisable to remove these structures routinely. 

The anterior and posterior leaves of the pulmonarv ligament are divided 
close to the mediastinum in order to remove the nodes of the pulmonarv liga¬ 
ment i9B) and the local paraesophageal nodes. In accomplishing this, the 
nodes and adventitia are maintained in continuity with the lung. 

The inferior and superior pulmonary veins are ligated and divided close 
to the pericardium, care being exercised to dissect awmj’^ the hilar nodes in this 
region and maintain their continuity with the lung. If the pulmonaiy veins are 
short and there is diffieultj’’ in dividing them, it is better to divide them within 
the pericardial sac rather than through their tributaries; otherwise one will 
have difficultj' in including all of the hilar nodes with the resected specimen. 

The lung is now retracted lateralward and upevard in order to expose and 
I’emove the subcarinal nodes (10 midline). It is usualh^ possible to remove all 
of these nodes well onto the under side of the left main bronchus. The nodes on 
the posterior aspect of the root of the lung are exposed b,v removing the medi¬ 
astinal pleura from the posterior sui'faee of the pedicle if this has not already 
been done. This wdll also expose the paraesophageal nodes (ill?) l.ying above 
and below the level of the main bronchus. The esophageal nodes are not as 
likelj^ to be involved as others, but, having seen them take up the dye, and 
having seen them iin-oh^ed with malignane^L we make it a practice to remove 
them together with the nodes on the posterior aspect of the pulmonaiy root. 

The bronchus is now divided close to tlie trachea, and the stump is closed 
ivith interrupted sutures. Careful inspection is made for bleeding, particular .v 
for bleeding from small vessels which have been interrupted during the removal 
of groups of IjTnph nodes. After it is ascertained that the field is drv, the inter¬ 
costal incision is closed without drainage. 

LEFT RADICAL PNEUMONECTOMY 

The general plan of resection is the same as for right radical pneumonec- 
tomj'", the differences being that there is a very important group of nodes within 
the "aortic ivindoiv” to deal wdth on the left side, and there is no vessel which 
corresponds to the superior vena cava. 

The mediastinal pleura is incised from the cupula to the upper limit of 
the pulmonarj^ root. The left subclavian (IL) and innominate paravenous 
nodes (.3B) are excised in tlie manner which has been described for the right 
side and the dissection is continued toward the hilum, including the para- 
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tracheal (5L) and anterior mediastinal nodes (-iL). A node is almost always 
found on the dome of the arch of the aorta near the origin of the left subclaman 

artery. 

The nodes in the “aortic ivindow,” the space ivithin the arch of the aorta 
honnded inferiorly by the left pulmonary artery, are thoroughly removed (oL). 
This aronp of nodes commonly receives metastases, particularly if the left upper 
lobe hronchns or main bronchns is the source of the malignancy. This dissection 
is performed by fii-st dirtding the ligamentnm arteriosnm between ligatures in 
order to obtain a free approach to the depth of the space. The nodes are re¬ 
moved toaether with those over the left pulmonary artery and bronchns. These 
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nodes can usually he kept in continuity with the lung. One should carrv the 

lTe"f is considered 

Th!r?- bleeding from smaU vessels which may be interrupted^ 
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nodes, since tiiere is no natural communication between them and the nodes of 
the left side. After completing the removal of the nodes in the “aortic win¬ 
dow, ’' the exposed left pulmonary artery can b.e seen to its origin from the main 
pulmonarj^ artery. 

The remainder of the resection is carried out in the same manner as on the 
riglit side. 



Fig. 5.—Cancer adherent to fourth rib, laterally. The third, fourth, and fiftii ribs 
parietal pleura, anterior and posterior intercostal nodes, and muscles overlying resected ribs 
have been removed en bloc with the resected lung- and regional lymphatics. 


RADICAlr PNEUIilONECTOMY WITH INCLUSION OF SEGMENT OF THORACIC WALL 

TJie only nodes wdiieli remain to be considered are those of the parietal 
wall. While the parasternal nodes have taken up the dye in some instances, 
this has not been a frequent concurrence. The direction of the flow of lymph 
from the lung is not toward the nodes of the parietal wall of the thorax. We 
have limited the excision of the anterior and posterior chains of intercostal 
nodes to cases in which the carcinoma has become attached to the parietal 
pleura. Wlien this situation is encountered, both chains are removed witli a 
portion of the thoracic wmll which is left attached to the lung. The excision is 
made en bloc, including at least one rib above and one rib below the site of at¬ 
tachment of the neoplasm. The parietal pleura, the muscles overljdng the re- 
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seeded ribs, and the intevcostal nodes in the segment of thoracic wall which is 
involved, are excised. There remains only suhcntaneoiis tissue and slnn over 
the area at the completion of the procedure. 

Wliile we have hot yet performed dissections in the neck to remove the 
.iimiilo-subclai-ian nodes, this step is a logical one if nodes in the chain of com¬ 
munication from the lungs are to be removed as thoroughly as it is possible to 
do so. This might be performed several days before pneumonectomy. 

There has been one fatality which can be ascribed to the extensiveness of 
the nodal dissection. This was in a patient with advanced cancer with meta¬ 
static involvement of most of the mediastinal nodes, in which all visible nodes 
were removed from under the superior vena cava. The patient died sixteen 
houis after operation, and at autopsy the hemithorax was found to be filled 
with clotted blood. No open vessels were discovered. It is assumed that bleed¬ 
ing from small vessels in the mediastinum caused the patient's death. Since 
this occurrence we routinely place pledgets of ‘'gelfoani ' soaked in thrombo¬ 
plastin in the space nnderlmng the superior vena cava after removing the nodes 
from this area. 

tVe have no statistics on longevity to report in these recent operations with 
vital staining as an adjunctive procedure. The emphasis which we have placed 
on extensive regional node resection is based solely on the premise that cancer, 
particularly cancer of the lung, spreads essentially by way of the Imnphatics. 
It will take mauy years of experience with the procedure to pemiit a significant 
comparison of results of pneumonectomy with and Avithout the inelrsion of the 
several echelons of nodes which receive lymph from the lung. 


SUiDI.\RY 


A method is described ivliich is designed to facilitate th.e identification of 
regional huiph nodes of the lung for their removal during the operation of 
radical pneumonectomy for brouchiogenic carcinoma. 

A solution of pontamine sin- blue dye and liyaluronidase is injected into 
the pulmonary pareneln-ma as soon as the thorax is opened. The dye is taken 
up by the regional lymph nodes, imparting to them a blue color which makes 
them more easily distinguishable than they would be in their natural state. 
Many nodes which would remain obscured, even Avith acquired dust pigmenta¬ 
tion, become readily identifiable after being colored by the dye. 

The mapping of the nodes by A-ital staining, augmented by studies of the 
pattern of lymph node nietastases in cases of advanced broncliiosenic cancer 
has resulted in the establishment of a technique which permits the exposure and 
removal of the several groups of I.A-mph nodes on each side of the thorax which 
are most likely to be affected by nietastases. 


This method is offered as a means of more nearly approaching the ideal of 
planned resection of Ijmph nodes, a phase of the operation Avliich is of funda 
mental importance in the surgical treatment of bronehiogenic carcinoma 
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TEilPOBABY TJKILATERAL OCCEESIOY OF THE PULMONARY 

ARTERY 

A New :^[ETHOD of Determintkg Separate Lung Fcxctiox axd of 
Radiologic Examixatioxs 

Eric Carlexs, liLD., mxs Erik Haxsoxl M.D., axd Bjorx Nordexstrum, ^I.D. 

Stockholm. S\vedex 


W HEN elective sm'geiy. which will impair the function of a lung is being 
considevecL the functional state of the contralateral lung should alway.s 
he taken into account. A simple estimate is often enough, particularly when 
the patient is young and the remaining lung exhibits no symptoms of disease. 
On the other hand, if the function of the remaining lung is doubtful, the ex¬ 
amination should be rather more thorough, especially in cases uhere a cei- 
tain amount of cardiorespiratory insufnciency already is present before the 
operation. In addition to the ordinary lung tests, it may sometimes be in¬ 
dicated to make a complete study of the circulation including cardiac catheter¬ 
ization. 

However, no accurate estimate of the function of either lung can be ob¬ 
tained save by bronchospirometry. The latter method is. in its present state of 
development, capable of providing fairly accurate figures for the vital capacity 
of each lung and for its percentage participation in the absorption of oxygen. 
The bronehospirometric values recorded in air inhalation sometimes deviate 
slightly from those in oxygen inhalation. The former values are surely the 
most physiologic ones, but the difference may yield some information re¬ 
garding the ratio between the volumes of residual air in the two lungs. 

If bronehospirometiu' were combined uith work, it seems likely that the 
maximal oxygen-absorbing power could be determined for each lung sepa¬ 
rately. Yet in the experiments so far carried out during moderate work 
(oxygen absorption four to five times normal) the percentage participation of 
each lung in the absorption of oxygen did not differ from conditions at rest 
(Bjoi’knian and Carlens'). 

However, even after a study of the ch-culation, and haring recourse to all 
conceivable information about the function of each limg. it uill alwa\-s he a 
matter of opinion whether or not a diseased lung can be removed in the in¬ 
dividual case. In doubtful eases it would accordingly be highly desirable if it 
were possible before the operation temporaiily to put the patient in a state 
which so far as possible resembled the functional condition he would be Hkelv 
to be in after the operation. Attempts have been made to achieve this result 
by occl uding the main bronchus to the diseased lung, or bv lettinK it inhale 
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nitrogen and the healthy Jnng oxygen lYhile the hronchospirometrie study is in 
progress (Jacobaens and Bruce^). To prevent oxygen excretion from the hmg 
which is breathing pure nitrogen, it has proved preferable to substitute arti¬ 
ficial alveolar air for the nitrogen. The former gas mixture and the venous 
blood are in balance with one another, and no absorption or excretion can take 
place from the diseased lung. If the healthy lung thereby can be made to 
take eare of the entire respiratoiy work without troubling the patient unduly, 
the test is a good one. Although these experiments can be made at rest, it 

o 

oo o o 



Pig-. J.—Oxyg-en saturation of tlie arterial blood during- a right-sided pneumonectomy 
with pentothal-NjO-curare anesthesia. Ventilation is maintained by spiropulsator tlirough 
a double lumen tube to each lung separately. 


is probably impossible to determine the respiratory reserve by carrying them 
out during physical work owing to the severe strain imposed on the patient. 
If the diseased lung functions comparativelj^ well and its supplj' of oxygen is 
cut oif under maintained blood circulation, the oxygen saturation of the mixed 
arterial blood will be reduced. Such admixture of venous blood from the 
occluded lung is most pronounced at first, but animal ex])eriments have dem¬ 
onstrated that it is almost whollj^ compensated after about eight hours, since 
the circulation ceases almost completely in the nonrespiring lung (Euler and 
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Liliestrand? Dirkeu and Heemstra/ XiselP). Ho^vever, there is mtich evi¬ 
dence to shovT that this reflex meehanism does not always operate in the same 
perfect manner in an ahnormal hmg in a middle-aged or elderly patient. Fig- 
1 shows the arterial oxygen saturation as recorded by an oximeter, m a pa¬ 
tient 67 vears of age who was undergoing pneumonectomy under pentothal- 
nitrons oxide anesthesia. The patient's respiration was blocked by curare 
and maintained by a spiropnlsator. A double-lumen tube enabled the lungs to 
be ventilated separately (Bjork and Carleus*). Both lungs were ventilated 
at first, but as soon as the thoracic wall was opened up the healthy lung only 
was ventilated. At the very same moment the arterial oxygen saturation be- 
san to decline, although the inhaled gas consisted of 50 per cent ox>-gen-. and 
it did not anain begin to rise nntii the shunt had been Iniiassed by ligation 
of the pulmonary artery on the operated lung (Carlens and Finnerty'). 



In some such eases, therefore, it seems likely that the patient will do well 
after extirpation of the diseased lung, though he cannot tolerate the effect 
when its oxygen supply is discontinued preoperatively. This behavior is due 
to the presence of a venous shunt in the latter case. Thus, theoretieallv. a 
stoppage of the function of the diseased lung hy occlusion of its branch'of 
the pulmonary artery would seem to he less trying to the patient and more 
in line rvith postoperative conditions when all the venous blood flows to the 
remaining, respiring lung. So far as we can find no such experiments have 
^therto been made but, technically, the procedure should offer no serious 
difficulties if the method of heart catheterization is adopted. 




, Couniaad cardiac catheter fiUed ’ 

a fetv centimeter? prorimallv of it another one rra? -nade -7 f 

long, inflatable cuff of stronsr and thin latex mhher Whe ^ 

the shape of a short evlinder haring a diameter of un toS cm. “ assumed 
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The catheter was inserted in the usual manner in an exposed elbow vein or, in the 
preliminary experiments on dogs, in an exposed vein in the groin. Under fluoroscopic con¬ 
trol the catheter could at will be made to enter the right or the left branch of the pulmonary 
artery. The rubber cuff was then slowly distended by injection of a 35 per cent solution of 
Umbradil through the catheter. This makes it easy' to follow the distention and shape of the 
rubber balloon on the fluoroscopic screen. Consequently, the risk of excess pressure in the 
cuff is small and therefore damage to the vascular wall need not be feared. 

The experiments on dogs were performed under barbiturate anesthesia, and 1 ml. of 
heparin was given before the catheterization to prevent clotting of the stagant blood distal 
to the balloon. 



Fig. 3.—^Roentgenogram of a dog with an inflated halloon in the left pulmonary artery 
and a conventional catheter in the. right one. Both catheters inserted through the .saphenoim 
vein. 

RESULTS 

Ten experiments were performed on eight dogs, and in no ease eonld we 
observe any complications following unilateral occlusion of the pulmonary 
artery. In one case one of the main branches was kept in a state of total occlu¬ 
sion for two hours, and in another it was impossible to find any" electrocardi¬ 
ographic changes or other signs of complication despite very rapid and hai-d 

inflations. 
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How the pressure varies in the pulnionarj- artery has not yet been stud¬ 
ied in detail, but in a few cases another catheter was introduced into the main 
trunk of the vessel, a slight increase in pressure being registered in immediate 
association with occlusion of one of the main branches. 

In some instances the study was supplemented with cardioangiogi'aphy. 
The contrast medium was injected into an exposed vein in the contralateral 


IT 





groin, and, as revealed by Pig. 4 the contmlnt^-ai 1 i. 
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Fig. 5 shows such a registration when the right pulmonary artery was 
occluded by the inflatable cuff on the cardiac catheter. The ventilation was 
somewhat greater on the right side, but oxygen absorption had been taken over 
by the left lung. The right respirometric tracing \vas perfectly horizontal. As 
soon as the occluding balloon had been emptied by suction, the right respirom- 




Fig. 5.—Bronchospirometric tracings in a dog with a cardiac catheter with inflatable cuff 
in the right pulmonary artery. 1, Cuff inflated. No oxygen uptake in the right lung. 2, Cuff 
deflated. Oxygen uptake in both lungs. 3, Cuff reinflated. Oxygen uptake in left lung only. 


etric curve rose as a sign of I’esumecI oxygen absorption from the ipsilateral 
lung, and it at once declined when the balloon was reinflated. The total 
amount of oxygen absorbed per unit time remained constant whether or not 
the right branch of the pulmonary artery was occluded, demonstrating that 
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Fig^. 6.—A catheter with inflated balloon in the right pulmonary arterj' in a patient who 
has had thoracoplasty on the right side. In addition a conventional catheter in the left pul- 
monaty* arterj* inserted through the saphenous vein. 


the experiment, was autopsied, but no macroscopieal changes were observed in 
the occluded lung. Nor were any changes discovered by microscopical inspection 
of the vascular wall at the site of the inflated balloon. 


EXPER151EXTS OX 3I.\X 

Since our animal experiments in no case exhibited any signs of complica¬ 
tions, we considered it justified under the strictest precautions to try the 
method on three patients, who were considered for pneumonectomy. 
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Catheterization and occlusion of a main branch of the pulmonary artery 
were performed under local anesthesia after premedieation with nembutal. 
The patients were given 3 ml. of a 5 per cent solution of heparin intravenously. 
The pulmonary artery was occluded for periods lasting up to twenty minutes. 
None of the patients experienced any subjective embarrassment from the 
chest. The rate and character of the pulse remained unchanged in occlusion, 
and so did the blood pressure in the brachial arteiy. In one ease the mean 
pressure in the pulmonaiy artery, measured through a second catheter, was 
seen to rise from 17 to 22 cm. of Avater, but it regained its initial level after ten 



Fig, 7.—A roentgenogram of a patient with a catheter witli inflated balloon in tJie left 
pulmonary artery. In addition contrast nieclium (Umbradil) has been injected through a con¬ 
ventional catheter in the superior vena cava and has filled the vessels on the right side only* 

minutes. In one case no rise in pressure Avas recorded Avhen tlie pulmonary 
artery Avas subjected to unilateral occlusion. In one case electrocardiogram 
tracings Avere recorded in three standard leads Avhile the pulmonary arteiy 
Avas occluded repeatedly. There Avere no electrocardiogram alterations. In 
no case Avere there any comiilications folloudng the exiieriment. None of the 
patients suffered any distress other than the sensations that usually accompany 
cardiac catheterization. 

Thus the preliminary results seem to indicate that it is possible in con¬ 
scious human beings to occlude both the circulation in the pulmonary arteiy 
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and the uptake of oxygen in one lung, and thereby approach as close as pos-' 
sible to the condition follovring a contemplated pneninonectomj'. Under such 
conditions the circulation in the bronchial artery is not occluded, and conse¬ 
quently there is no need to fear lesions due to anoxia in the pulmonary tissues. 

Ve intend, therefore, by this method to study the degi’ee of dyspnea, the 
oxygen saturation of the arterial blood, the pressui’es. aiid resistances in the 
greater and lesser circulations at rest and dururg exercise. 



It is possible, moreover, that unilateral occlusion nf th^ 
may have radiological applications. Br the methods userl^ artery 

impossible to msualize the pulmonai-v artem r ^ f currently it may be 
the right and left sides are superimposed' lateral vieiv, since 

cMm. bnilo... the p„l„o.,„„ v.ssi or, one LTeS’Z m 

medium. Conlreet materiel may also be injeeted hiZb """1"?"' 

injected m the occluded pulmonary 
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artery distal to the balloon, whereby it is unnecessary to use large amounts 
of highly concentrated contrast solution rather than small quantities of a 
solution which is isotonic with the tissues. There is no need of rapid serial ex¬ 
posures. The method is therefore likely to open up a means of studying in 
detail the vascular bed in the lungs. Experiments along these lines are at 
present in progress. 

SUMjUARY 

In a pi’eliminarj'^ experimental investigation on dogs, and in three eases on 
human beings, the pulmonary artery was occluded on one side by means of a 
cardiac catheter provided with an inflatable balloon. By this means the circu¬ 
lation in the pulmonary artery on one side and the oxygen uptake in the 
ipsilateral lung could be stopped. Thereby conditions were created which 
closely resembled the status folloiving pneumonectomy, so that circulatory and 
respiratorj'^ changes resulting from extirpation of one lung could be foretold. 
No complications were observed. 

It is possible that unilateral occlusion of the pulmonary artery may con¬ 
stitute a means for unilateral contrast radiography of the pulmonary vessels. 

ADDENDUai 

Since writing tliis paper, an article lias been published by Cliarles Potter and Daniel 
Lucas in Am, J. Physiol. 164; 254, 1951. These authors have used a similar technique and 
have done an experimental investigation on dogs. After occlusion of either the right or 
the left pulmonary arteiy they registered in every case a hypertension in the riglit ven¬ 
tricle and they did not continue the experiments more than three minutes becau.se of grave 
symptoms of cor pulmonale in the dogs. .Tudgiiig from the published photograph and 
figures, we feel certain that there must have been a total or subtotal occlusion of the main 
stem of the pulmonary artery in every case. 
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OBSEKVATIONS ON THE HEHODYNA2»IICS OF BEONCHXAL- 
PUL3IONARY VASCULAR COl^BtUNIGATIONS 

Donald P. Shedd, M.D.,® Ealeh D. Alley, 

AND Gestae E. Lindskog, IM.D. 

New Haa-en, Conn. 

tN the course of certain experimental preparations in the dog intended to 
1 elucidate problems in pulmonary congestion, with particular reference to its 
effect on collateral respiration, rather unexpected and apparently paradoxical 
findings were encountered with regard to pressiure changes in the pulinonary 
vascular tree. In brief, after complete occlusion of a lobar pulmonary artery and 
its corresponding veins, a progressive and striking elevation of endarterial pres¬ 
sure occurred in the occluded poifion of the pulmonary vascular bed. Tliis 
phenomenon seemed to us best explainable by the existence of a verj- active and 
immediate collateral eircuiation to the pulmonary vascular bed from the bron¬ 
chial arteries at high systemic pressures. It is the purpose of this paper to 
describe further experiments employed in studying this mechanism, to present 
in detail the technical methods employed, to set forth the experimental data 
obtained, and to discuss the significance of these finduigs in relation to normal 
pulmonary hemodAmamies. 

Ilicroseopic vascular communications between the bronchial and pulmonary 
arterial sj'stems at the capillary level have long since been described in the 
normal lung.*'^ After interruption of the pulmonary artem-^ and in A-arious 
pathologic states these, and possibly newly developed channels, reach macroscopic 
proportions.®’' All previous observations on such anastomoses were obtained 
by study of microscopic serial sections, or by injection and perfusion tech- 
niques"- ® The literature to our knowledge contains no reports of in vivo experi¬ 
ments designed to record endovascular pressure changes uithin an otherwise 
normal pulmonary lobe after occlusion of both arterial infloAv and venous out¬ 
flow. 

ilATERLVLS AND SIETHOUS 

All experiments were performed ou presvimably healthy stock dogs welsh¬ 
ing 13 to 2S kg. vmder sodium barbital anesthesia (300 mg. per kilogram f. employ¬ 
ing intravenous sodium pentothal for induction. Thoracotomr- was done hv 
resection of the left fifth or sixth rib imder positive pressure respiration, which 
was dis continued at the time of closure of the wovmd. The technique for occlu- 

Nov. Of Clinical Surgerj-. Xew Haven. Conn.. 

Aided by Office ot Naval Research XSori.44 Task Order XI 

Received for publication April 24. 1951 . 

•William Harvey Cushing- Memorial Fellow_Surgery 

••James Hudson Brown Memorial Fellow —Surgerj-! 

537 



538 


THE JOURNAL OF THORACIC SURGERY 


sion of the appropriate vessels and the manner of their catheterization underwent 
considerable evolution during the earlier experiments. These will be summarized 
in the next paragraph. The arrangement finally evolved for occlusion of the 
left lower lobe pulmonary arterj>- and vein through the closed chest by a snare 
cannula (Fig. 1) about an indwelling pressure-recording catheter is depicted 
for the artery in Fig. 2, and for the rein in Fig. 3. The left lower lobe was 
selected for this technique, because its suppljdng pulmonary artery and vein 
are easily accessible, and the exposure not complieated by the presence of an 



Fig. 1.—Diagram showing the polyethylene snare cannula suturecl to the left lower lobe 
vein, with the snare loop passing througli the cannula and around the vein. The end of the 
cannula is brought out through the thoracotomy wound with a tight closure of all layers 
around the cannula. To prevent ingress of air through the cannula, a rubber cuff surrounds 
its open end, which tlius can be kept closed with a clamp except when manipulating tlie 
snare loop. The catheter for conducting intralobar pressures to the recording system is 
shown passing into the lower lobe via the right accessory lobe vein. 


accessory or subeardiac lobe, as is the case on the right. Furthermore, advajitage 
could be taken of the anatomic fact that the right accessoiy lobe vein usually 
joins with the left lower lobe vein close to the auricle. This permitted the 
retrograde introduction of a venous pressure-recording cannula through the 
sacrificed accessory lobe vein into the left lower lobe vein. The indmonary 
artery pressures were measured in four experiments with a water manometer, 
and in nine subsequent experiments with a Hathaway multi-ciiannel electronic 
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recorder.® Pulmonary vein pressures Avei-e recorded bj the 
hi three experiments. Systemic blood pre.ssure trom a cannulated femora 
arterv ivas recorded by means of an ink-writing mercury manometer or nit 
the Jlectronic instrument. Intrapleural pressures were obtauied bA insertioi 
through the left thoracic wall of an anchor-shaped glass canmila which was con¬ 
nected with an outlet of the electronic recorder. Continuous spirograms were 
recorded in three experiments employing an oxygen-filled Eoth-Benedict spirom¬ 
eter with a one-way valve circuit and a CO, scrubber interposed connected to 

a tracheal cannula. 



Fig. 2.—Showing the snare loop sutured to the left lower lobe artery, and the catheter 
passed via an upper lobe arterj’ down into the lower lobe, past the point where the arterv 
will be later occluded by pulling on the snare. 


The principal variations in technique tested aud subsequently discarded 
during the earlier experiments involved tlie manner of oeeluding the left lower 
lobe vessels. In the first experiment a doiibis-himen Cournaud catheter with an 
inflatable balloon near its tip was introduced via the right external jnsular 
vein during the thoracotomy, manually guided through the heart into the left 
lower lobe pulmonary artery-, and the artery occluded by inflating the balloon. 
Because of the small lumen size of this catheter, an improrised double-lumen 
balloon-tipped catheter of polyethylene was employed in two subsequent experi¬ 
ments (No. 21 and 23). In the latter of these experiments a single lumen polv- 
eth\ lene catheter was also passed via the left anricnlar appendage into the left 
lower lo be pulmonary vein for recording its pressure, hut it was found that do?s 

•Hathau-ay Instnnuent Company, Denver, Colo. 
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sion of the appropriate vessels and the manner of their catheterization underwent 
considerable evolution during the earlier experiments. These will be summarized 
in the next paragraph. The arrangement finally evolved for occlusion of the 
left lower lobe pulmonary artery and vein through the closed chest by a snare 
cannula (Pig. 1) about an indwelling pressure-recording catheter is depicted 
for the artery in Pig. 2, and for the vein in Pig. 3. The left lower lobe was 
selected for this technique, because its supplying pulmonary artery and vein 
are easily accessible, and the exposure not complicated by the presence of an 



Fig. 1.—Diagram showing the polyethylene snare cannula sutured, to the left lower lobe 
vein, with the snare loop passing through the cannula and around the vein. The end of the 
cannula is brought out through the thoracotomy wound with a tight closure of all layers 
around the cannula. To prevent ingress of air through the cannula, a rubber cuff surrounds 
its open end, which thus can be kept closed with a clamp except when manipulating the 
snare loop. The catheter for conducting intralobar pressures to the recording system is 
shown passing into the lower lobe via the right accessory lobe vein. 


accessory or subcardiac lobe, as is the case on the, right. Furthermore, advantage 
could be taken of the anatomic fact that the right accessory lobe vein usually 
joins with the left low'er lobe vein close to the auricle. This permitted the 
retroo’rade introduction of a venous pressure-recording cannula througli the 
sacrificed accessory lobe vein into the left lower lobe vein. Tlie pulmonary 
artery pressures were measured in four experiments with a w'ater manometer, 
and in nine subsequent experiments with a Hathaway multi-channel electronic 
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recorder.^ Pulmonaiy vein pressures were recorded by the latter lustiumen 
in three experiments. Systemic blood pressure from a camiulated femoia 
arterv was recorded by means of an ink-writing mercury manometer or with 
the deetronie instrument. Intrapleural pressures were obtained by insertion 
through the left thoracic wall of an anchor-shaped glass cannula \yluch was con¬ 
nected with an outlet of the electronic recorder. Continuous spirograms were 
recorded in three experiments employing an oxygen-fiUed Roth-Benedict spirom¬ 
eter with a one-way valve circuit and a CO, scrubber interposed connected to 
a tracheal cannula. 



Fig. 2.—Showing the snare loop suturea to the left lower lobe arterj’, and the catheter 
passed via an upper lobe arterj- down into the lower lobe, past the point where the arterj- 
will be later occluded bj- pulling on the snare. 


The principal variations in techniciue tested and subsequently discarded 
during the earlier experiments involved the manner of occluding the left lower 
lobe vessels. In the first experiment a double-lumen Cournand catheter with an 
inflatable balloon near its tip was introduced via the right e.xterual jimidar 
vein during the thoracotomy, manually guided through the heart into the left 
lower lobe pulmonary artery, and the artery occluded bv inflatiuo- the balloon 
Because of the small lumen size of this catheter, an improvised donble-liunen' 
baUoon-tipped catheter of polyethylene was employed in two subsequent evner! 
ments (No. 21 and 23). In the latter of these experiments a single hmien poTv 
ethylene catheter was also passed via the left auricular appendage into the kJt 
l^obe pulmonary vein ior recording its pressure, but it was found that dot 

“Hathaway Instrument Company, Denver, Colo. 
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tolerate intracardiac catheters poorly for long periods of time. Therefore, start¬ 
ing with experiment 24, cardiac catheters were discarded. Next, after an inter¬ 
costal thoracotomy approach, short balloon-tipped i^olyethylene catheters were 
introduced through a left up23er lobe artery, threaded down into the left lower 
lobe artery, and the other end of the catheter was brought out through a stah 
wound in the chest wall. Sizes of catheters were chosen such that the outside 
diameter of the catheter would he about one-third the inside diameter of the 
vessel, and the inside diameter of the catheter would admit a 15- to 17-gauge 
needle. The tiny homemade latex balloons proved troublesome, however, tliere 
being a tendenej’^ for the balloon to extrude itself proximally when inflated. 



Fig. 3.—Showing tlie snare loop sutured to tlie left lower lobe vein at the lulus of the 
lobe, and the vein catheter passing" via the rig’ht accessory lobe vein into the left lower looc. 
beyond the point of later occlusion of the vein. 


Therefore, the snare-cannula technique mentioned above was finallj' adopted for 
the lobar artery as tvell as the vein. This technique proved satisfactory, and 
was used in all subsequent experiments. 

Two experiments (39 and 40) Avere chronic rather than acute. In these, 
simple ligation of the left main pulmonary artery was carried out five and six 
weeks, respectively, prior to the acute final pressure determinations, in order to 
study changes accompanjdng collateral expansion of the bronchial vascular 
system. At the time of the second thoracotomy in both animals, large, dilated, 
tortuous bronchial arteries Avere Ausible coursing over the hilar struetures, medias¬ 
tinum, and in the pulmonary ligament. The enlarged collateral vessels in the 
pulmonary ligament Avere sacrificed in the dissection exposing the right accessory 

lobe vein. 
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Tke effects of intravenous epinephrine, exsangnination, and subsequent 
intraarterial retransfusion on intralobar pulmonarj- vascular pressures m 
™cTo^ of both lobar p^dn.onary artezy and vein zvere a so studzed. 

FoUozving variable periods of hours dzzrhzg zvhzch the pressure stizdzes were 
done, each animal was sacrificed aizd autopszed. 


RESULTS 

A. E^eci of Occlusion of Fuhnomnj Artery nnd Vein of the Left Loivcr 

Lohe in Xormal Dogs .— i • r 

Occlusion of a lobar vein alone caused an immediate modez-ate rise ot 

intravascular pressure within the lobe, with a return to normal upon release of 
the vessel, as shown in Table I, The pressures reached exceeded the base line 
pressure hr 3 to IS mm. Hg. 



|~Seconds 


I.. _t_»_ i -1—ji 

1 


Fi^. 4.—(Experiment 32.) Showing the effect of occlusion of the pulmonarj* vein and 
arterj" upon the pressure within the latter vessel distal to the point of occlusion- Tipper 
tracing—systemic blood pressure iB.P.) ; lower tracing—^pulmonary artery pressure within 
the obstructed area (P.A-F.). _4, 12:33. base line, P, 12:35, after occlusion of pulmonary 
vein. Cj 12:3S, two minutes after occlusion of pulmonarx’ arten% vein still occluded. D, 12:46 
ten minutes after occlusion of pulmonary artery, vein still occluded- E, 12:47, eleven minutes 
after occlusion of pulmonary arter>'. vein still occluded. F, 12:51, fifteen minutes after 
occlusion of pulmonarj' artery, vein, still occluded. Q. 12:55, during release of pulmonarv 
vein. 


Occlusion of a lobar artezy alone by intz-aluminal balloon or perivascular 
snare caused a prompt drop of pressure within the lobe, with disappearance of 
the pulse wave. 

Occlusion of both lobar az-tery and vein, together in either sequence, was 
followed hy a marked rise of presszzre in tiie occluded segment to a level areatly 
exceeding the base line. pre.ssures greater than 40 mm. Hg being reached znLveral 
instances as shown in Table I. A vaz-iable period of mimztes was required for 
the maximum pressure to be reached (Figs. 4 and 5). From the Hathawav 
recorder tracings it was seen that at the height of pressuz-e change a marked 
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respiratory Avave Avas still jireseiit. In those experiments Avliereiu observation 
AA'as prolonged for seA'eral hours, the eler-ated pressures Avere maintained at the 
peak level. Upon release of the lobar vein obstruction, pressures promptly fell 
to subnormal levmls, folloAA’ing Avhich release of the lobar artery occlusion resulted 
in a return to normal ler^els (Pig. 4). This sequence of events could be repeatedly 
demonstrated on the same dog, and aa^s consistent in all thirteen experiments 
but one. At autopsy^ in this animal it AA’as noted that venous occlusion A\'as in¬ 
complete because a vein draining the apical segment of the loAver lobe had not 
been included in the snare loop. 
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Fig-. 5.— (Experiment 3G,) Showing the rise in pulmonary artery and vein pressures 
produced by occlusion of both the artery and the vein. Also showing the effect upon the 
high pressure so produced within the Jobe of systemic hypotension caused by bleeding. Upper 
tracing—pulmonary artery pressure (P.A.P.) ; middle tracing—pulmonary vein pressure 
(P.F.P.) ; lower tracing—intrapleural pressure (/.P.P.). A, 3:15, base line. B, 3:18, during 
occlusion of pulmonary vein. C, 3:19, after occlusion of pulmonary vein. X>, 3:57, three 
minutes after occlusion of pulmonarj^ artery, vein still occluded. 4 :00, six minutes after 
occlusion of pulmonary artery, vein still occluded. P, 4 :02, eight minutes after occlusion or 
pulmonary artery, vein still occluded. G, 4 :13, nineteen minutes after occlusion of pulmonary 
artery, vein still occluded. If, 4:44, after 500 c.c. of systemic blood loss, with pulmonary 
artery and vein still occluded. Systemic blood pressure 80 mm. Hg, having dropped from 
an initial pressure of 120 mm. Hg. /, 4:47, after 700 c,c. blood loss, B P 50 mm. Hg. *// 4;55, 
blood i^ressure, 30 mm. Hg. K, 5 :03, blood pressure, 25 mm. Hg. 


Ill the three experiments AA^ierein tlie lobar A'eiioiis jAi'essure aa^hs also re- 
coi’ded, this Avas found to parallel the changes in the lobar pulmonary artery 
jAressure at a level loAA^er by^ 5 to 10.0 mm. Hg. 

B. Effect of Occlusion of Pulmoiiary Artery and Vein of the Left Louver 
Lobe in Dogs With Expanded Bronchial Arterial System .— 

In the two dogs Avherein an expanded bronchial arterial collateral sy'stem 
had been induced by^ previous ligation of the left pulmonary'^ artery, the eleA'^a- 
tion in intralobar Avascular pressure foJloAving occlusion of the left loAver lobe 
artery and vein Avas more abrupt and reached a maximum in a shorter period of 
time than in the normal dog. (See Table I, Expei-iments Nos. 39 and 40). 
Whereas, the absolute peak pressure reached in Experiment 39 (45 mm. Hg) 
Avas not as impressiA^e as that in Experiment 40 (75 mm. Hg) and actually fell 
short of that reached in four dogs Avith normal bronchial arterial systems, the 
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ri-^e observed, in terms relative to the systemic blood pressure of SO mm. Hg. is 
siguificantlr higher than that in the dogs ivith normal bronchial arterial systems 
and normal systemic pressures (Figs. 6 and 7). 

C. Effcci of Systemic Blood Loss and Bet ra ns fusion.— 

To study the effect of these factors, rapid blood loss was produced via a 
cannula in the femoral arterj’, the blood thus withdrami being later returned 
under suffieient pressure to cause a rapid rise of blood pressure. 

With the lobar pulmonary artery pressure already at a maximum due to 
occlusion of the lobar artery and vein, systemic arterial hypotension produced 
bv hemorrhaue caused a reduction of iutrapulmonary blood pressure com* 
mensurate uith the drop of systemic pressure (Figs, a and 8). 

Restoration of the animal's peripheral blood pressure by rapid intra-arterial 
transfusion caused a return of the pressure in the occluded lobar pulmonary 
artery to its previous high level. 



Fig. 6.—(Experiment nS.) Showing the rise in pulmonary artery pressure -within the 
left lower lobe ol a dog whose main left pulmonary artery had been ligated five weeks prior 
lo the experiment, Iti this animal the systemic blood pressure x\'as less than SO ynTu. Hk 
throughout the course of the ^periment, following the thoracotomy. The peak pulmon^? 
artery pressure^ reached are high when considered in relation to the low systemic pressure 
hue- B, Itli, one minute after occlusion of pulmonarr artefr. C, 1*20 im¬ 
mediately after occlusion of pulmonary vein, artery still occluded i>, 1:21. ^ 1:2^ F 1*^2 

?tall oixlu^eS'^ veiease of pulinonarj- vein. S, 1 :CT, after release of vein, pulmonary *art«y 


Tabpe I. 


PEESSCEB CEAXGES rBOU OOCLVSIOK OF PCIAfOXAEr AEIESV AXD TEiX DiSTAL 
Occluded Astley 
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D. Proof of Continual Influx of Bronchial Arterial Blood.— 

With the lobar pulmonary'' artery and vein occluded it was found that, if 
the pulmonary vein catheter cannulating the occluded lobar vessels be opened, 
blood would flow in a drip for an indefinite period of time from the end of the 
catheter. In order to rule out the possibility of passive outflow of blood from 
an engorged lobe, the external bleeding tip of the pulmonary vein catheter was 
elevated to a height of approximately 40 cm. above the pulmonary' vein. Even 
against this imposed hydrostatic resistance, blood continued to drip at a rate of 
about six to eight drops per minute for prolonged periods. 



Pig:. 7.— (Experiment 40.) Showing- the rise in pulmonary artery and vein pressures 
of a dog- whose main left pulmonary artery had been ligated six weeks prior to the experi¬ 
ment. In this experiment the effect of occlusion of the pulmonary artery alone is not shown, this 
vessel being occluded throughout the course. Upper tracing—pulmonary artery pressure 
(P.A.P.) ; middle tracing-—pulmonary vein pressure (P.V.P,) ; lower tracing— 
pressure (I.P.P,). A, 12:59, base line. B, 1:00, during occlusion of pulmonary vein. C, Jj, 

F, selections from a continuous run immediately after vein occlusion, (r, one-half 
after occlusion of pulmonary vein, H, one minute after occlusion of pulmonary vein. I, l :o*h 
during release of pulmonary vein. 


E. Effect of Epinephrine .— 

With the lobar pulmonaiw artery pressure already' at a maximum from 
occlusion of the lobar artery and vein, intravenous administration of epinephrine 
resulted in a still greater rise, occurring at the peak of systemic arterial pressure 
elevation, followed by a. return to the pre-injection level paralleling the return of 
S3^stemie pressure to normal. 

F. Other Effects of Occlusion of Pulmonary Artery and Vein of Left Lorver 
Loie .— 

I. Systemic blood pressure: Tliere was no consistent effect upon sj^stemic 
blood pi-essure due to occlusion of the vessels to a single lobe. In Experiment 30, 
which was one of the two dogs subjected to previous ligation of the left main 
pulmonarj^ arteiy, there was a gradual decline of tJie S3"stemie pressure over 
a twent 3 ’'-five minute period folioAving occlusion of both lobar vessels, from 100 
mm Hg to 50 mm. Hg. Upon release of the vessels there occurred a prompt 
return of the pressure to 80 mm. Hg. The fall might well be attributed to loss 
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of blood into the lobe, and the rise to anto-tran-sfusion upon reopening of tli^e 
connections M-ith the systemic circulation through the pulmonary ^elu and 

Bcspirafory eifccis: After lobar vascular occlusion changes in the spiro- 
crram Tvere seen inconstantly. When present these consisted of a gradual de¬ 
crease of the tidal volume, usually with acceleration of the rate after variable 
time periods. This might be the result of the reflex described by Churchill and 
Cope ® who noted that increased pressure within the vessels of a single lung 
when produced by rapid introduction of excessive amounts of blood caused rapid 

shallow respirations. 
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I'ig. s.—(Experiment 37.) Showing the efCect upon intravascuiar pressure within the 
occluded lobe of systemic hypotension induced by hemorrhage and restoration* of systemic 
pressure by retransfusion. Upper tracing—pulmonary’ arterj* pressure iP.A.P,) : middle 
tracing—pulmonary vein pressure iP.T.P.) : lower tracing—intrapleural artery and vein. 
A, 2:00. base line, B, 3:46, two minu'es after occlusion of pulmonary* artery and vein, 
blood pressure 120 mm. Hg. C, 3:55, after hemorrhage, blood pressure 75 mm. Hg. D, 4;00. 
after further hemorrhage, blood pressure 60 mm. Hg- E, 4:0o. after retransfusion of blood, 
blood pressure IIS mm. Hg. F, 4:10, after further retransfusion, blood pressure 120 mm. Hg. 


III. Intrapleural pressure: Pulmonary vascular congestion is luiowu to pro¬ 
duce changes in the dynamics of respiration which effectively alter the intra¬ 
pleural pressure. Heyer and associates"’ induced congestion by administration 
of excessive amounts of fluid intravenously and found that there was increased 
amplitude of the intrapleural pressure swing with a consistent elevation of the 
expiratory pressure to values above atmospheric. In our experiments, -with the 
congestion isolated to a smgle lobe, from occlusion of its particular artery and 
vein, consistent or significant effects on the intrapleural pressure were not seen. 

IV. Gross changes in the lobes: The appearance of the left lower lobe varied 
depending on the period of time during which the vessels were allowed to re¬ 
main occluded. Dense congestion was constant in some degree. If the period of 
occlusion was short, the color of the lobe was generallv''pmk. whereas lon<rer 
periods of congestion led to a dark, liver-like appearance, ^vith the lobe L- 
larged and nonerepitant. Lung weight to body weight ratios were not computed 
Oross e%ndence of pulmonary edema during the experiment, such as frothin- 
of free fluid in the trachea, was not ohseiwed. 
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At t]ie time of autopsy in each experiment the degree of occlusion of the 
vessels, ■whether by snare or balloon, ■was tested, and found to be complete in 
all instances, except in Experiment 21, where an apical segmental vein had not 
been included in the snare loop. 


DISCUSSION 

The rise in pressure observed within the pulmonary vascular bed of a lobe 
whose supplying pulmonary artery and Amin had been obstructed is attributed to 
active congestion produced via the bronchial arteries. Although normally the 
bronchial arterial communications AA'ith the pulmonary circuit are by means of 
the intercapillary bed,- the intrav'ascular pressures reached in the normal lobe 
after arterial and A'enous occlusion aim far in excess of sj'stemie (peripheral) 
capillary pressure. It is A^mll recognized that the bronchial veins are poorly 
developed and are inadequate to accommodate more than one-third of the blood 
delivered bj'- the bronchial arteries in unit time. This disproportion has been 
demonstrated anatomieallj" and functionally by Berry and Daly® and b 3 " Brunei’ 
and Schmidt.” In the situation, then, of an obstructed pulmonarj^ artery Avitb 
impaired A'enous outflow, the so-called nutrient arteries of the lung become po- 
tentiallj' a destructive force, raising the pulmonaiw vascular pressure far above 
the osmotic pressure of the blood plasma. 

The phenomena noted above Avere in a sense predicted bj' Dalj' and his co- 
Avorkers.® These Avorkers, bA’ an ingenious s.A'stem of pumps, perfused the pul¬ 
monary artery and simultaneously the aorta or bronchial arteries of freshly 
sacrificed dogs, and then collected the blood from the left auricle and azygos 
vein. With pulmonaiy and aortic pressures both at normal limits, considerable 
blood passed from the bronchial to the pulmonaiy circuit. With the pulmonary 
artei’A' pressure zero and aortic pressure normal, at least tAvice as much blood 
passed from the bronchial to the pulmonarA' circulation as from the bronchial 
circulation to the azygos vein. In the majoritj' of their perfusion experiments 
an increase in aortic pressure raised the pulmonai’A- arterial pressure as Avell 
as pulmonarj' venous floAv. 

Intravascular pressures observed in dogs AA'ith an abnormallj' “expanded” 
bronchial collateral circulation (produced bv ligation of the left main pAilmonary 
arteiy several Aveeks prior to the pi’essure studies) Avere elcA'ated more rapidlj' 
and to proportionateh' higher leA’els folloAA’ing arterial and venous occlusion than 
in the normal dogs. The more rapid rise is to be i-elated to expanded cross- 
sectional capacity and floAv of the aA'ailable Ijronchial arteries and a further 
development of extensh'e pre-capillarA' anastomoses betAveen the bronchial and 
pulmonarj' arteries.^ Thus the systemic pressure of the bronchial arteries is 
permitted to be more directlj' transmitted and felt in the pulmonary vascular 
bed. Increased bronchial collateral floAV AA'as demonstrated hj' our crude collec¬ 
tion technique in the tAvo dogs AA’itli preA'ion.slA- ligated pulmonary arteries. An 
enormous increase in bronchial collateral floAV folloAA'ing pulmonary artery liga¬ 
tion has been determined bj' the indirect Pick method and reported h.v Bloomer 
and associates.’- It is unfortunately’- not knoAA-n whether expansion of the 
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bronchial venous system parallels that of. the bronchial arterial 
pulmonarj- artery ligation. If not, exaggerated rises ^vould in part, be dne to 
a progressive discrepancy between bronchial arterial inflow and bronchial 
venous outflow. 

The above-described pressure changes in occluded pulmonary arteries of 
normal dogs support the existence of functional anastomoses between the bron¬ 
chial and pulmonary arteries, an assumption previously shown to be true in the 
isolated perfused dog lung by Daly and associates, and by others®’' in various 
chronic human pulmonary disease states. 

The phj-siologic effects of the expanded bronchial vascular system in patho¬ 
logic states of the lung has been postulated by Liebow and associates to be as 
follows: (1) The high pressure effects of the expanded bronchial arterial sys¬ 
tem. anastomosing with pulmonary arteries at the pre-capillai’y level serve as a 
shunt or hydrodynamic block to the inflow of unoxygenated pulmonary arterial 
blood to diseased portions of the lung, thus helpiirg to maintain a more nearly 
normal mixed arterial oxj'geii saturation in the efferent pulmonary veins. (2) 
Abnormal bronchopulmonary eommnnications with their high flow rate, drain¬ 
ing mainly to the left heart by way of the pulmonary veins, may play a signifi¬ 
cant role in the development of left heart failiu-e. (3) Conversely, blood shunted 
into the pulmonary arteries by way of bronchial anastomotic channels tends to 
increase the pressure nithin the lesser circulation, thus increasing the work of 
the right heart, and predisposing to cor pulmonale. 

The fimetional significance of the communications which have been demon¬ 
strated in the normal animals above is speculative at the present time. The 
bronchial arteries are richly supplied -with autonomic fibei-s.^^ It is possible that 
variations take place in the flow through these vessels, constituting a mechanism 
whereby deoxygenated pulmonarj’ artery blood is shmited away from poorly 
ventilated alveoli. This is merely an application to the normal animal of a 
theorj- advanced by Liebow and associates to explain the shunting of blood which 
occurs in various pathologic states. Further field for speculation lies in the pos¬ 
sible role of hronchopnlmonar>- anastomoses in the pathogenesis of pulmonarA- 
edema dne to increased filtration pressures. 

Of greatest interest and importance is the role these communications mav 
play in the fate of a pulmonary segment or lobe which has been deprived of its 
direct pulmonarj- arterial blood supply by an embolus or other occlusive pathol¬ 
ogy. If such a segment had also a high degree of functional venous ohstrnetion, 
as from chronic passive congestion or mitral stenosis.” it is not improbable that 
bronchial collateral inflow at systemic pressures woifld produce a destructive 
imbalance, tending to favor the development of capillarv ensorgement in¬ 
creased filtration, edema of the alveoH and interstitial tissues, diapedesis' and 
frank hemorrhage. This may he the mechanism of hemoiThagie infarction. 

SC5IJI.U1T 

ncchr'r a lobe in the do-s luna are both 

occluded m an otherwise intact chest, the vascular pressures within the bhe 
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rise to abnormally high levels. This in vivo evidence supports the existence 
of functional communications between the bronchial and pulmonary arteries 
within the normal lung. 

The possible significance of these communications is discussed. 

We are indebted to Professor Averill A. Liebow, Department of Pathology, Yale Uni¬ 
versity School of Medicine, for many valuable suggestions, and Mr. Armand Negri, Depart¬ 
ment of Surgery, Yale School of Medicine, for his technical assistance. 
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Erratum 

In the paper by Winfield O. Kelley, M.D., and David V. Pecora, M.D., Norwich, Conn., 
entitled "Bevision Thoracoplasty” (J. Thoracic Surg. 22: 295, 1931), on page 295 in the 
first paragraph on line 19, the sentence “This method was successful in converting the 
sputum of 4.35 per cent of twenty-three cases” should read "This method was unsuccessful 
in converting the sputum of 4.35 per cent of twenty-three cases.” 
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PNEUi[ONEGTOi[Y FOR SEVERE IRRADIATION DAIIAGE 

OF THE LUNG 

JL\rtix Bekgmaxx, M.D.* (by ixvitatiox), axd Evarts A. Graham, !M.D. 

St. Loins, ilo. 

A lthough thirty years have passed since Groover, Christie, and ilerritU 
first called attention to the sjmdrome of lung damage as a result of ex¬ 
posure to ionizing ii-radiation, no progress has been made in the treatment of 
this disease. In fact, a reOem of the literature reveals a virtually complete lack 
of consideration of this phase of the problem despite extensive preoccupation 
with the clinical and pathologic aspects of the syndrome. Since the fii-st success¬ 
ful pneumonectomy for carcinoma was done in 1933,= vast progress has been 
made in thoracic surgery, and many conditions previously regarded as incurable 
have yielded to the surgical attack. When a patient with lung damage due to 
roentgen irradiation presented herself to us in 1947, it appeared logical to 
explore the question of whether tliis might not be one more condition amenable 
to successful correction b.v surgery. 

^lany case reports and experimental studies have been published since the 
original identification of the lesion, and this extensive literature has been re¬ 
viewed by Desjardins,® Eugelstad,^ and more I'eeently by Warren.'' While a 
comprehensive review of the literatui-e is, therefoi-e, unnecessary at this time, 
a summary of the accumulated knowledge of the effect of irradiation on the 
lung is in order. 

EFFECT OF lOXlZIXG 1RK.U)1AT10X OX THE LUXGS OF E.XPERIMEXTAL AXI.M-AI.S 

Of the many experimental studies, only three will be considered here be¬ 
cause they are representative and because the work to be discussed is of out¬ 
standing significance. 

Liidin and Werthemanns work,® although carried out on small nnmbei-s of 
animals, produced significant results. Their first series of experiments consisted 
of five rabbits given 500 r. of roentgen irradiation measured in air to alternate 
aui^r and posterior chest fields measuring 5 by 5 centimeters. One treatment 

Hospil-fr Of surseo-. Washington University School of .Medicine and Barnes 

SurKent^AtUvn«c‘^CKy.’'^X.'*E!^ApA"T6-ls!“9"f. Association tor Thoracic 
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was given, weekly until the animals died of the effects. Prom seventeen to forty- 
three treatments were administered. The changes produced consisted of increase 
in consistency of the lungs and production of pleural adiiesions. Some parts 
of the lungs showed diffuse pneumonic infiltrations, otliers sliowed multiple 
small, fii'm, nodular foci of increased densit 5 ^. IManj^ of the bronchi contained 
thick pus which was sterile on culture. In the least affected lungs the microscopic 
picture was that of patehj^ areas of atelectasis, and scattered alveoli ivitli 
thickened walls. The alveolar capillaries ivere congested, and scattered alveoli 
contained edema fluid. In some ahmoli degenerative changes in the lining cells 
Avere obseiwed. The mildest changes in the bronchi consisted of hypersecretion 
of mucus and degeneration of the epithelium. In the severely affected areas 
purulent bronchitis, bronchiolitis, and bronchopneumonia occurred. This was 
accompanied by extensive destruction of alveolar epithelium and regeneration 
of the bronchial epithelium, as evidenced by the presence of scattered mitoses. 
The second series consisted of six rabbits Avhich Avere gi\mn the same amount of 
irradiation, but the authors used 12 by 13 centimeter fields. This increased the 
amount of irradiation reaching the lung by an increase in the scattered irradi¬ 
ation. As a result the animals succumbed much earlier than those of the first 
series, so that only fourteen to fifteen A\mekly treatments Avere giA'cn. The 
grossly visible changes in these lungs AA^ere much more marked. Usually all parts 
of the lungs Avere affected, and individual foci could not be distinguished. The 
bronchitic, bronehiolitic, and broneliopneumonic processes observed in the more 
lieaAuly irradiated animals of the first series Avere again seen. In addition, all 
the animals shoAved epithelial proliferations of varying degree. The bronchial 
epithelium became tall and stratified, and hypersecretion of mucin Avas marked. 
The most striking epithelial changes aa'ci’c seen in the peribronchial lung paren¬ 
chyma. Alveolar structures lined by cuboidal epithelium are described and 
photographed, and are interpreted as arising from the bronchial epithelium. 
These authors believed these structures to result from infiltration of peribron¬ 
chial tissue by proliferating bronchial epithelium Avhich is thus regarded as 
shoAAung autonomous groAA'th characteristics. A study of the photomicrographs, 
hoAAmver, suggests that these structures might represent peribronchial alveoh 
AA'hose epithelium is ver}^ hyperplastic. Nevertheless, the concept that neoplasia 
might be induced bj^ irradiation camiot be completely rejected. The frequent 
occurrence of bronchiogenic carcinoma in the Schneeberg miners is Avell knoAA'n, 
and these groAvths may be instances of neoplasms induced by ionizing rays. 

Engelstad’s experiments^ are the most extensive on record. One hundred 
sixteen rabliits Avere examined of AAdiich one hundred one had received roentgen 
irradiation to the chest, Aidiile fifteen served as controls. It Avas shoAA’n that 
different t 3 "pes of irradiation did not produce qualitative or quantitative differ¬ 
ences in the effect on the lungs, proAuded that the total tissue dose and intensitj' 
of irradiation i-einained constant. Total dose, and the time factor, i.e., the 
intensity of irradiation, plaj-ed a marked role in determining the severity of 
the reaction AA-hieh became less Avith fractionation and protraction of a giA-en 
dose of irradiation. The quantities of irwadiation used in these experiments Av'ere 
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based on the skin changes produced. Three types of irradiation ivere^ employed: 
subepidermicidal doses which provoked slight or no skin reactions epidermicidal 
doses which produced an epiderniitis lasting up to six weeks and dangeious o 
lethal doses which caused severe skin reactions.in all animals and led to death 
witliin a short time in many. The total dose of irradiation was given in the 


course of one day or in a few days, at most twelie. 

After subepidermicidal doses lung changes were slight and recovery ATitii- 
ally complete inthin two months, leaiung in its wake a mild fibrosis. Epider- 
mieidal doses caused a rather severe and typical reaction which could be dimded 
into four stages. The initial stage coincided in time with the early erythema 
of the skin, and consisted of degeneration of Ijunph follicles, lij'persecretion of 
bronchial mucus, and lii'peremia and leucocytic infiltration. The second stage, 
a latent period, lasted two to three weeks. After this the main reaction occurred. 
It was characterized by degenerative changes in the bronchial epithelium and in 
the pulmonary stroma and by various degrees of acute inflammation in the form 
of peribroncliial, perivascular, and bronchopneumonic infiltrations. The bron¬ 
chial cartilage proved to be relatively radioresistant. Alveolar macrophages, 
occasionally bizarre and multinucleated, were common. The last stage of the 
reaction began after the subsidence of the main reaction, usually after one to 
two months. Regenerative and reparative processes dominated this phase. Its 
main features wei’e proliferation of connective tissue, sclerosis, and proliferative 
changes in the bronchial epithelium, and more rarely in the alveolar epithelium. 
These processes were not complete at the end of six months. 

After dangerous or lethal doses the reaction differed from the above only 
in being more severe and in that the sclerosing processes of the reparative stage 
were more exuberant. Ossification of portions of the lungs was common. Thus 
Engelstad demonstrated a direct relationship between the amount of irradiation 
and its effect on the lung. He showed that small doses produce only mild or 
insignificant changes, and that the significant reaction caused by larger doses 
consists of an early acute inflammatory reaction and a prolonged late sclerosing 
process. 


TTarren and Gates' contributed significantly to our imderstanding of the 
pathologv' of the experimental radiation reaction by an exact histologic analysis 
of the mild early effects of irradiation on the limgs of rats, rabbits, dogs, and 
pigs. The earliest changes in the alveolar and atrial lining cells were increase 
in cell size and nuclear hi-pertrophy, often with climiping of chromatin, and 
the appearance of one or more large nucleoli. Lack of uniformitv of this change 
from one alveolus to another was characteristic of this reaction. The appear¬ 
ance of a hyaline membrane was infrequent in animals, and this structure will 
be discussed more fully in the section on the pathology- of the irradiation re¬ 
action of the human Imig. The alveolar walls were affected bv an irremdarlv 
distributed edema and congestion. Increased cellularity and.' if the reaction 
were more iironounced, thickening and splitting of the elastic fiWi-s were foimd 
More severe changes of fibrosis and hyalinization were not seen because onlv 
elatneh small doses of irradiation were administered. Bronchial epithefimii 
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showed only an increased nnmbei’ of iniicons cells a 
ciliated cells to cuboid nonciliated forms. Bronch. 
alveolar cells in sensitivity, and similar anaplastic cl 
smooth muscle, and connective tissue showed no clear 
l.mnphatics, supporting connective tissue septa, an 
changes, consisting of edema and congestion earh 
fibrosis in the later stages. 

Quantities of irradiation rvell rvithin the thera 
actions which must unquestionably severely distui 
increase the susceptibility of the hmg to secondary 

THE CLINICAL PICTURE OF RADIATION DAJI.- 

Eoentgen irradiation of the human chest is air 
the treatment of a malignant neoplasm. Such neop 
e.g., mediastinal Ijmiphomas, eosphageal carcinoma 
carcinoma, hut the commonest indication for roentg 
is carcinoma of the breast. A discussion of the ph 
the treatment of breast cancer is outside tlie scope oJ 
feel qualified to discuss methods of administration o 
regardless of the method used, a certain amount of 
the underlying lung, and often the elfects of pulmon 
clinically significant. The fi’equency with which this 
stad® encountered lung changes in 5.4 per cent of 3f 
roentgen therapy for breast cancer, and in 20 per cem 
for carcinoma of the esophagus. These figures are i 
Warren and Spencer,® who demonstrated histologic c 
12 per cent of 234 patients treated for a variety of c. 

The group of patients who receive roentgen i 
should be especially emphasized, not only because 1 
single group, but also because radiation in these ci 
one liemithorax and because their chances for long-tei 
those of most patients with intrathoracic lesions who 
Characteristicallj", the clinical history is tliat a midi 
with a I'ecent radical mastectomy is given postop 
While the patient is still receiving therapy or three t 
moderatelj' productive cough begins. If the dose c 
(less than 130 to 140 per cent of the skin unit dosi 
Leucutia^®) the cough maj^ persist for several months 
If greater quantities of irradiation reached the lunj 
progressively worse. In some instances the cough is 
months have passed. The quantities of sputum produc 
a very common smnptom, and may be paroxysmal and 
a frequent complaint, but hemoptysis is relatively ui 
patients are in good general health, and this finding 
differentiation of the irradiation reaction from pul. 



